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Experiments on Steel. 



Eemarks of the Engineer Subveyob in Chief, and his 
Assistants, respecting the Mild Steel manufactured 
by the Steel Company of Scotland; also Tabulab 
Results of Tests. 

Steel as a material for ship building and boiler-making has for 
years been used to some extent. Its general introduction has, 
however, been delayed owing to the fact that it could not be re- 
garded as invariably reliable, as it frequently occurred that amongst 
a batch of plates, the greater part of which had been considered 
satisfactory, a proportion was found not to possess the properties 
required, and to fail in the ship yard or boiler yard. It has been 
argued, and probably with some truth, that in some cases a pre- 
judice was unjustly created against the use of steel owing to its 
failure under treatment which should never have been applied to it. 
The mild steel, which is now being introduced, is of a softer and 
more ductile character, and much better able to bear the manipu- 
lation to which it is subjected, still in some respects it requires 
special care in its treatment. 

Steel is mainly distinguished from wrought iron by its property 
of becoming harder and more brittle when raised to a red heat and 
cooled suddenly in water. This peculiarity is attributed to the 
former containing a greater amount of carbon than the latter in 
which generally only a trace of it is found. Steel which contains 
about 1 per cent, of carbon possesses a very high tensile strength ; 
takes a lugh degree of temper when heated and cooled suddenly in 
water, but being brittle in character is unsuited for ship-building 
and boiler making, both on account of its uncertainty in with- 
standing the necessary operations in the course of manufacture, 
and also because of the danger of employing a brittle material to 
withstand the strains to which steam boilers and the hulls of vessels 
are continually exposed. In the mild steel under consideration 
the amount of carbon is very small, and manufacturers consider as a 
proof of its suitability for the purposes mentioned that it will when 
heated and cooled suddenly in water bear bending double. The fact 
of the material, when treated as described, not taking the degree of 
hardness nsual with ordinary steel, has led some persons to doubt 
the advisability of the tei-m " steel " being applied to it, upon the 
ground that it is only a purer form of iron. The experience 
Q 6364. Wt. 2.510. A 
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which has been gained with it has, however, shown that it differs 
in many respects from wrought iron, and that the term ^' mild 
" steel " in the absence of a better, which has not yet been sug- 
gested, is perhaps the most suitable which can be used. 

Upon the Board of Trade being requested by the Steel Com- 
pany of Scotland to sanction the steel manufactured by them in the 
construction of ships, machinery, aud boilers passed by the Board's 
officers, they were requested to undertake such a series of tests as 
would enable the advisers of the Board of Trade to judge of its 
suitability for the above purposes, and also its ability to withstand 
without undue injury the manipulation to which it would be 
exposed. 

The Company very readily acquiesced in the justness of the 
request, and forwarded for testing a set of plates, J, ^, |, and 1 
inch thick ; they also caused to be constructed a set of experi- 
mental boxes of different thicknesses of steel plate to represent the 
flat surfjices of steam boilers. These have been burst by hydraulic 
pressure, and a large amount of valuable information gained 
respecting the strength of such surfaces when formed of steel 
plates. 

Having visited the works of the Steel Company of Scotland 
when every facility was given for inspection, it may be interesting 
if a few particulars ore stated respecting them previous to giving 
the results of the valuable series of experiments which have been, 
made upon steel manufactured there. The Company was origi- 
nated about the year 1872, and at Newton, near Glasgow, extensive 
works were erected for the manufacture of steel by the Siemens 
Martin process. They are provided with machinery and tools 
of the most recent and improved description for the manu- 
facture of plates, rails, forgings, &c. The melting shop has been 
erected to cover over 30 steel melting furnaces, 18 of which, with 
the necessary gas producers, &c. have been started, and are said 
to be capable of producing about 65,000 tons of steel per annum. 
The rail mill driven by compound reversing engines can roll direct 
from the ingot about 40,000 tons of rails of ordinary sections per 
annum, and is also adapted to the rolling of heavy angles, X bulbs, 
beams, &c. 

Three plate mills now at work at Newton, driven by reversing 
engines, can roll about 25,000 tons of average plates per annum. 
A 14-inch bar mill is kept at work on light rails, angles, &c., 
whilst three 8-ton hammers and one 3-ton h^mer are employed 
for forging slabs, billets, &c. A large foundry has been erected 
for making steel castings, and in addition to workshops and smithy 
another large iron foundry has been erected for repairing purposes, 
and for casting the roUs and ingot moulds required for the works. 

I am informed that the Company have recently purchased the 
Blocbaim Works, Glasgow, where furnaces are, it is stated, to be 
constructed equal to the production of 80,000 tons of ingot per 
annum. 
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The re-heating and annealing furnaces are heated by gas, and 
the present consumption of coal and dross at the works for gas 
making and steam power is stated to exceed 100,000 tons per 
annum. 

The Company prefer, instead of running direct frwn the blast 
furnace, to use selected brands of haematite pig iron, good steel and 
iron scrap, and pure iron ores, ferro-manganese being added when 
the charge is being tapped. A chaige of ordinary steel takes from 
seven to nine hours, and the length of the operation gives those 
in charge a good opportunity for testing the metal during the 
various stages of manufacture, and tends to ensure a uniform make 
of steel of the desired quality. The Company have directed special 
attention to the production of mild steel for ship-building and 
boiler making, and have been doing all in their power by under- 
taking the extensive series of experiments which will shortly be 
considered, to show that a suitable and uniformly reliable quality 
of steel can be made for these purposes. It is stated that in 
making mild steel for plates, the best brands of Bessemer pig iron 
are used, and the charge is frequently tested when in the furnace 
as well as by chemical analysis. When the steel is being run into 
the moulds a small test ingot is cast, which besides being tested 
chemically is rolled into a plate, pieces of which are tested by 
bending. The tensile strength and elongation of the steel are also 
tested in a machine erected at the works for this purpose. If the 
charge is found ught for the particular purpose required, the ingots 
are marked with the number of the charge, and the quality of the 
steel. The ingots are afterwards hammered into slabs from which 
the plates are rolled, and to ensure against risk of mistakes a test 
piece is cut from each plate and angle, and subjected to the bending 
and tempering test. 

The experiments made, and the attention bestowed by the 
Company in endeavouring to arrive at the best possible quality of 
steel for shipbuilding and boiler making has residted in securing a 
greater amount of confidence amongst shipbuilders and engineers, 
and this is more especially the ease where the steel has been 
actually used. 

Tables 1 to 19 give the results of tests which Mr. Kirkaldy 
was requested to make and are exactly as received. In the body 
of this report some particulars deduced from Mr. Kirkaldy's 
tables are given which will, it is hoped, be found of use when 
considering the subj ect. 
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Respecting the Experiments made to ascertain the 
Elastic and Ultimate Stresses and DucTttiTY of 
Steel Plates made by the Steel Company of Scot- 
land. 

Tables 1 and 13 contain the results of testing for tensile 
strength and elongation 48 specimens cut from 12 steel plates, 
h i> h »iid 1 inch thick. Half the number were cut lengthwaj 
of the plate and half crossway. The separation of the strips 
from the plate was in every case done by the planing or slotting 
machine, and not by the shearing machine, so as to avoid any 
disturbance of the texture of the material. 

The following summary contains mean results taken from 
tables 1 and 13 : — 



Thickness 
of Plate. 


Mean Elastic Stress 
I>er square inch. 


Mean intimate Stress 
per square inch. 


Mean BAtio of Elastic 
to Ultimate. 


Lengthway. 


Crossway. 


Length way. 


Crossway. 


Lengthway. 


Crossway. 


inch. 


tons. 


tons. 


tons. 


tons. 


per cent. 


per cent. 


* 


19-0 


19-1 


31-0 


31-4 


61 


60 


i 


15*8 


15-7 


28-9 


28-6 


54 


55 


i 


15-8 


15-6 


29-5 


29-1 


53 


53 


1 


14-9 


14-8 


28-0 


280 


53 


52 


Total mean 


16-3 


)6-3 


29-8 


29-2 


55 


55 



The term Ultimate Stress is always understood to mean the 
stress which being gradually applied will break the specimen ; 
but as there is by no means the same unanimity respecting the 
meaning to be attached to the term "Elastic Stress" it may, 
in order to prevent misunderstanding, be well to qirote some remarks 
made hj Mr. Kirkaldy, by whom it is employed. In his pub- 
lished report on the Fagersta Steel he gives examples of his 
method of ascertaining the elastic stress or elastic limit of the 
material under test. The following table is extracted from one 
in the above report :— 
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He remarks as follows : — " Eunning the eye along the lines 

" it will be noticed that the specimens extend at a comparatively 

" uniform and slightly increasing rate at each addition of 

" 2,000 lbs. per square inch to the load, until a certain point is 

" reached, when the rates of extension more or less rapidly 

** increase, which point indicates the elastic strength of the 

" material. A short line is placed under the figures in this table 

^< to caU attention, at a glance, to where the increments cease to 

" be uniform, and where it is found that the elasticity of the 

" specimen has become impaired." 

It will be observed that in some cases a set is recorded at a 
lower stress than the Elastic Stress, so that the term as applied 
in these tables does not mean, as understood by some persons, 
the stress at which a permanent set takes place. 

By the term " Elastic Stress " is sometimes understood the 
stress or load which, although not causing fracture at once, will 
do so if repeated a sufficient number of times. What relation 
there may be between the above stress, and the Elastic Stress as 
recorded in Mr. Kirkaldy's tables, it is impossible to say without 
further experiments. Although a matter of the deepest interest 
to engineers and shipbuilders, few, if any, experiments have been 
made to settle this question as regards iron and steel, a fact much 
to be regretted, as the information to be obtained would doubtless 
be most valuable, and possibly lead to great economy in the appli- 
cation of those metals. 

Referring to the sunmiary we see that with the exception 
of the ^ inch plates there is a gradual increase in the ultimate 
stress with the reduction of thickness, the ultimate stress of the 
^ inch plates exceeding that of liie 1 inch by about 10 per cent. 
A similar increase occurs with the elastic stress, which, in the 
case of the J inch plates, exceeds that of the 1 inch by about 
27 per cent. The increase of th_e^ elastic stress with the reduction 
of thickness is thus more marked than the ultimate. The above 
remarks aie made regarding the lengthway specimens, but the 
values for the crossway are not very different. 

Ttere is also a steady increase in the ratio of the elastic to the 
ultimate stress as the thickness is reduced, that of the ^ inch 
plate having a large excess over the others. In the ^ inch 
lengthway specimens it exceedS~that of the 1 inch by about 
15 p^r cent. The increase in the elastic and ultimate stresses 
with the reduction of thickness is probably due to some extent 
to thb greater amount of working which the material receives in 
the process of rolling ; it is, however, not likely to be wholly due 
to this cause. 
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Thickness of 
Plate. 


Ultimate Extension 
in 10 inches. 


Contraction of area 
at fracture. 


Lengthway. 


CrosBway. 


Lengthway. 


Crossway. 


i inch. 

4 » 
1 „ 

Total mean 


per cent. 
23-6 
29-8 
2^-2 
30-6 

28-2 


percent. 
21-2 
28*9 
26-6 
25'6 

25-5 


per cent. 
460 
63-2 
46-8 
50-4 

49-1 


per cent. 
39-9 
40-9 
38-3 
42*4 

40*3 



The ultimate extensions of the ^ inch specimens are consider- 
ably less than with the thicker plates ; this f act, together with the 
lower contraction of wrea- at fracture, appears to show that they 
are of a rather harder quality. Even if miade from the same charge 
there is possibly a liability to a greater degree of hardness in the 
very thin plates owing to their being more rapidly cooled in the 
process of annealing, unless it is per&rmed under exc^tionally 
favourable conditions. 

The ultimate stresses of the \, ^, |, and 1 inch plates length- 
way and crossway are respectively almost equal, and the same 
also occurs with the elastic stresses. It is worthy of note that, 
although the mean elastic and ultimate stresses lengthway and 
crossway are almost identical, the mean contraction of area at 
fnlcture, and ultimate extension len^hway, are greater than cross- 
way, showing that the ductility of the mateml in the former 
direction is greater than in the latter. 

The fact of the mean ccmtraction of area at fracture of the 
lengthway and crossway specimens being 49*1 and 403 per cent, 
respectively, indicates the possession of great ductility, and in this 
respect the steel compares most favourably with both iron ship and 
boUer plates. The following tables give the mean results of testing 
a number of iron ship plates of various brands, the specimens being 
cut lengthway and unperforated : — 



Results of Testing ordinary Iron Ship Plates. 


Thickness of Plates. 


Mean Ultimate 

Stress per square 

inch. 


of Area at Fracture. 


Mean intimate 

Extension in 10 

inches. 


^ inch - - - 
Total mean - 


tons. 
24-00 
22-62 
19-42 

22-01 


per ceut. 
6-8 
4-7 
4-8 

5-4 


per cent. 
70 
6-7 
3-6 

5-7 
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The results of testing a large number of ordinary iron boiler 
plates of different brands are as follows, the specimens being un- 
perforated : — 



Sesultt of Testing ordinary Iron Boiuoi Plates. 



Ihickness 
of Plates. 



Lengthwaj. 



Us 



6i 



^H 



3§2 



hi 

r4 



Crossway. 



n 



m 



III 



I! 



ii 

Jfis 



iinch 

i n - 

1 ., 

Total mean 



tons. 

21-20 
21*40 
20*86 

21-15 



per cent 

12-91 
18-80 
18-0 

18 07 



percent. 

9-0 

10-1 

9-8 

9-6 



tons. 


per cent. 


19-08 
18-67 
17-74 


4-28 
5*08 
3-87 


18-48 


4*41 



percent 

2-7 
3-8 
31 

8-2 



Comparing these results with those obtained with die ship plates 
the greater uniformitj of the boiler plates of all thicknesses will 
be remarked. The larger contraction of area at fracture and 
ultimate extension of the iron boiler plates also indicate the higher 
degree of ductility which thej possess as compared with the iron 
ship plates. 

The following summary contains the mean results of the two 
last tables, also the results of testing Uie steel plates, together with 
the mean results published by Mr. Eirkaldy respecting a number 
of Yorkshire wrought-iron plates tested by him : — 



Description. 



I 

i 

•8 



Lengthwaj. 



m ■ 






ill 

r4 



Crossway. 






III 



II 



P 



M 



iJI 
I' 



Iron Ship 
Plates. 

Iron Boiler 
Plates^ordi- 
nary quality. 

Torkshire 
Wroiight 
Iron Plates. 

Steel plates 
of Steel Oom- 
naiurofSoot- 



incb. 



tons. 
22-01 

21'16 
SI'S 

29-8 



percent 
6-4 

15-07 
20-6 

49-1 



percent 
6-7 

9*6 
16-7 

28-2 



tons. 

18-48 
20*8 

29-2 



per cent. 

4-41 
14-7 

40-8 



percent. 

8-2 
11-2 

26*6 
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The thicknesses of the plates experimented upon are not identical 
in the different classes, but the results for the present purpose of 
comparison are not practicallj affected thereby. Comparing the 
steel with the iron the ultimate stress of the former is about 86 
per cent, greater than the mean of the latter. The contraction 
of area at fracture of the steel largely exceeds that of the different 
irons. In the case of the steel lengthway, it is 49' 1 per cent, 
against 20*6 per cent, for the Yorkslure iron, 13*07 pcnr cent, for 
the ordinary iron boiler plate, and 5*4 per cent, for the iron ship 
plate. As the contraction of area at fracture is a guide to the 
ductility of materials it will at once be understood to how large 
an extent the ductility of the steel plates exceeds that of the iron, 
especially the ordinary boiler and ship plates. 

Another fact worthy of attention is that whilst in the case of 
iron plates the ultimate stress and contraction of area at fi*a€ture 
crossway are less than lengthway rendering it always desirable to 
apply the principal strains lengthway of the iron plates, this does 
not appear to apply to so great an extent with the steel tested, for 
the ultimate stresses in both directions are almost identical and 
the ductility crossway is not much less than lengthway. 

It will have been observed that the mean ultimate stress of 
some of the common ship plates is greater than that of either of 
the other descriptions of iron plate. This is by no means un- 
common, a high ultimate stress being often found to occur with 
bard brittle plates. The more ductile plates are however pre« 
ferred even with a lower ultimate stress, because of the brittle pktes 
suffering more from punching and being liable to snap suddenly. 

When a brittle material is tested to destruction there is little or 
no indication of approaching fracture, the specimen breaking 
suddenly. If, however, this mild steel is watched whilst under 
pulling stress it is seen that a considerable extension and reduction 
of cross section takes place before the greatest stress is reached, 
thereby proving that the material is increased in strength by the 
process of drawing out, just as steel and some other kinds of wire 
are found to be stronger than the material from which drawn. 

The degree of ductility this steel has been shown to possess is 
a quality which renders it very suitable for use in shipbuilding 
and boiler work. It is indeed difficult to over estimate its impor- 
tance, as unless injured in the ship yard or boiler yard, the 
material is thereby endowed with a great safeguard against sudden 
failure. In the event of overstraining of either a ship or boiler, 
instead of sudden failure occuring, as would be the case if made 
of a brittle material, warning of danger would be given by leak- 
age at the riveted joints, owing to the reduction of section of the 
plate between the rivet holes, and the consequent elongation of the 
rivet holes. The extent to which this occurs will be considered 
further on Avben dealing with the perforated specimens. 

It has been remarked in some quarters that the great ductility 
of soft steel is a disadvantage. This opinion would appear to 
have been expressed owing to a belief that its elastic stress is so 
low as to give the material very little advantage over iron for 
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sustaining loads. This, however, is evidently erroneous; the 
results of the experiments under consideration show that the 
elastic stresses of the steel lengthway and crosswaj are about 56 
per cent, of the ultimate. We find by referring to the published 
reports of Mr. Kirkaldy respecting the Essen and Yorkshu*e 
wrought-iron plates, as follows : — 



Thickness. 


Batio of Elastic to Ultimate Stress. 


Essea Wrought Iron Plates. 


Yorkshire Wrought Iron 
Plates. 


Lengthway. 


Cross way. 


Lengthway. 


Orossway. 


i inch 

1 » - - 
Mean 


per cent. 
54-2 
48-9 
510 

51-3 


per cent. 
.56-0 
50-2 
51-6 

62-6 


percent 
68-5 

58-8 
58-1 

58-4 


per cent. 
62-4 
62-3 
59-6 

61-4 



So that in the steel plates in question the ratio of the elastic 
to the ultimate stress, viz., about 55 per cent., stands about mid- 
way between that of the above two high class irons, although 
the ductility of the steel is in excess of that of the Essen plates, 
and more so of the Yorkshire plates. 

Summarising the last three columns in tables 1 and 13 respecting 
the lengthway specimens we get as follows : — 



Thickness of Plates. 


Mean Extension Set in 10 Inches. 


At 50,000 lbs. 
per Square Inch. 


At 60,000 lbs. 
per Square Inch. 


Ultimate. 


i inch. - 
f " ' 

1 „ - 

Mean - 


per cent. 
1'50 
4-80 
4-99 
5-73 

4-25 


per cent. 

6-36 
10-9 

9-62 
13-25 

10-03 


per cent. 
23-5 
29-8 
29-2 
80-6 

28-2 



Owing to the lower ultimate stress of the Yorkshire plates we 
are unable to compare the extension sets with those of the steel 
plates at stresses of 50,000 lbs. and 60,000 lbs. per square inch. 
At 30,000 and 40,000 lbs. per square inch the mean exten- 
sion sets of the i, i, and f inch York^ire plates are respec- 
tively 0*65 and 6*43 per cent. The above stresses are respec- 
tively 62 and 83 per cent, of the mean ultimate stress. Tables 
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1 and 13 do not contain the extension sets of the steel plates at 
these particular stresses. Mr. Kirkaldy was written to respecting 
the extension set at the latter, but stated that it was not ascertained. 
Fortunately we have the means of comparison in the case of 
the specimens prepared by Mr. Halket from steel plates supplied 
by the Steel Company of Scotland, and which wUl be referred 
to in the next section. From the results obtained by testing 
them, it was found that at 62 and 83 per cent of the ultimate 
stress the mean extension sets in 10 inches were respectively 
0*47 and 5*9 per cent., the extension sets for the Yorkshire 
wrought'iron plates at the same proportion of the ultimate stress 
being as stated above 0*65 and 5*43 percent, respectively. We 
thus see that although the uUimcUe extension set of the steel 
largely exceeds that of the Yorkshire iron platen, the extension 
set of the former at 62 per cent, of the ultimate is only about 
three-fourths of that with the latter, but at 83 per cent, of the 
ultimate is shghtly greater. 

Probably few practical engineers or shipbuilders could be 
found who would seriously assert that the above high class iron 
plates are unsuitable for employment in the construction of ships, 
as well as boilers, if considerations of expense did not prevent 
their general use. As the extension set of the steel compares so 
favourably with that of high-class iron plates at the same pro- 
portion of the ultimate stress, its suitability for shipbuilding and 
boiler-making is thus amply proved by the experiments so far as 
ductility is concerned. 

Continuing the fexamination of the summary we find that whilst 
at the mean ultimate stress of 65,632 lbs. per square inch there is 
an ultimate extension of 28 ' 2 per cent., yet at a slightly lower stress 
of 60,000 lbs. or about 90 per cent, of the ultimate the extension set 
is only about one-third of the ultimate extension. The remainder 
thus takes place dunng the application of the last 10 per cent, of 
the ultimate stress. It should not be forgotten, as has been 
pointed out by Mr. Kirkaldy in his published works, that ultimate 
extension consists of two paarts, (1) general stretching, and (2) 
stretching near the point of fracture which is due to contrac- 
tion of area. It is evident that as with other soft metals the 
ultimate extension of mild steel consists largely of the latter. 



Respecting the Results of Experiments made to ascer- 
tain the Effecjts produced upon the Tensile 
Strength, &c. of Steel Plates by Drilled Holes, 
Punched Holes, Holes bored after Punching, and by 

Annealing the Plates after Punching. 

* 

Tables Nos. 2, 3, 4, and 5 contain the results of experiments 
made by Mr. Kirkaldy to determine the ultimate tensile stresses 
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of steel plates (1) drilled, (2) punched, and (3) punched and 
afterwards annealed ; two specimens of each kind, ^, |, |, and 
1 inch thick being tested, in order to obviate the uncertainty 
which frequently exists with specimens of slight width, plates 
12 inches wide were used in each case, the holes being arranged 
as shown in the sketches at the heads of the tables. The ends 
of the specimens were held in strong steel plates by tightly fitting 
pins in order to ensure the stresses being fairly applied. The 
drilling of the specimens was done by Mr. Kirkfddy, and the 
punching and annealing by Messrs. J. and 6. Rennie, marine 
engineers. They were requested to punch the plates tiie same 
size as the drilled holes, and to use their usual punches and dies 
in order to ensure average results being obtained. The process 
of annealing adopted in the case of the plates so treated was to 
heat them to a dull red heat and cover them with ashes until 
cold. 

Mr. Kirkaldy has given in his report the stresses per square 
inch of gross area at holes. Summarising them for convenience 
of reference we have as follows : — 



Specimens. 


Ultimate Stress per Square Inch of Gross Area at Holes. 


f-inch. 


i-inch. 


f.inch. 


1-inch. 


Drilled- 
Punched 
Punched andl 
annealed j 


tons. 

21-9 
19-8 

20' 15 


tons. 

19-6 
16*65 

18*55 


tons. 

19*65 
15*8 

18*7 


tons. 

18*3 
13*45 

17*8 



These stresses are calculated with reference to the total sectional 
area of the plate, including therein the part which is removed 
by perforation, and enable a comparison to be made between the 
actual stresses sustained by the different plates per inch run. It 
will be seen that the punched plates of each thickness stand a 
considerably lower stress than those which were drilled, or 
punched and afterwards annealed, and that the drilled plates stand 
a higher stress than those punched and afterwards annealed. 

The calculation of the stresses per gross area has some obvious 
advantage when comparing punched with drilled plates. The 
stresses borne by the plates of different thicknesses in which 
the sizes of the holes differ, cannot, however, be compared thereby, 
so that the stresses upon the net section of plate between the 
holes have accordingly been calculated and are given below. 

The metal punched out in the caa^ of the punched specimens 
is considered as equivalent to parallel holes the diameter of small 
end ; the reason of this will be given later on. 
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Mean Stress per Square Inch of Net Section 
between Holes. 


^inch. 


^ch. 


finch. 


l-incb. 


Drilled - 
Pnndied 

Ponchedandan-l 
nealed. / 
SoUd plates 


tons. 

86*21 
81*94 

83*41 

31*65 


tons. 

82-44 
27*58 

80-75 

29-15 


tons. 

81-64 
24*6 

3005 

29*7 


tons. 

29-42 
2102 

27*82 

27*7 



If the stresses are expressed in terms of the per-centage of 
strength of the unperf orated plate the values stand thus:*— 



Specimen. 


Stress per Square Inch of Net Section compared with 
theSoHdFUte(-100}. 


finch. 


finch. 


finch. 


1 inch. 


Drilled - 
Punched 

Punched and an- 1 
nealed / 


percent 

118*8 
101*0 

105-6 


percent. 

111-1 
94-2 

105-6 


per cent. 

106 4 
82*6 

101 


per cent. 

106*1 
75*8 

100-8 



The losses or gains as compared with the solid plate are as 
follows : — 



Specimens. 


Diiterence between the Ultimate Stress per square inch of 


i-inch. 


i-incb. 


finch. 


1-inch. 


DriUed - 
Punched - 
Punched and an- 1 
nealed J 


per cent. 

Gain 13*8 
Gain 1*0 

Gain 5*6 


per cent 

Gain 11*1 
Loss 5*8 

Gain 5*6 


per cent. 

Gain 6-4 
Loss 17*6 

Gain 1*0 


percent 

Gain 6*1 
Loss 24*2 

Gain 0*8 



It will be observed that with the drilled plates there is a marked 
increase in the stress per square inch of net area between the holes 
ov«r the stress per square inch of the solid plate, thus the ^, ^, 
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f, and 1 inch plates show respectively a mean increafie of 13*8, 
11 • 1, 6 '4, and 6* 1 per cent., the excesses becoming less as the 
thickness of the plate increases. As regards the plates which 
were punched and afterwards annealed, the ultimate stresses are 
respectively 5*6, 5' 6, 1*0, and 0*3 per cent, greater than the 
stresses per square inch of the original plates. These results are 
far better than those obtained with the punched plates, but they 
are still less than those found with the drilled. It should be 
remarked that in some experiments which were made after these, 
and which will be referred to later, there was not so great a diffe- 
rence between the ultimate stresses of the drilled 6peeimen§, 
and those punched and afterwards annealed. 

At first sight there appears to be something paradoxical in the 
idea that by drilling holes in a plate, the stress per square inch 
between the holes can be increased, but a similar result has fre- 
quently been found to occur when the length of a specimen over 
which stretching takes place is reduced by a narrow groove being 
planed or turned in it. It is probable that the stress per square 
inch of perforated mild steel plate between the holes would 
always be found greater than the stress per square inch of the 
solid plate were it not that the injury to the plate by punching is 
greater than the increase in ultimate stress arising from the form 
of the plate at the holes. Mr. Kirkaldy has referred to the effect 
which the form of a specimen exerts upon its ultimate stress in 
his work, " Experiments on Wrought Iron and Steel," and also 
in his report on the Essen and Yorkshire iron plates. In the 
latter are, the following remarks which may be read with advan- 
tage, " The ultimate stress borne by a specimen is greatly affected 
** by the hardness or softness of the material and by the shape of 
** the specimen. The softer the material, the more rapidly does 
** its sectional area become reduced by the specimen stretching 
*^ and consequ^tly in the amount of stress sustained. When the 
** breadth of a specimen is reduced to a minimum at one point, a 
** greater resistance is offered to its stretching than when formed 
^< parallel fcur some distance ; and as the stretching is checked, so 
" will also the contraction of area, and with it will be an increase 
^^ in the ultimate stress." 

In the case of the plates with punched holes but not after- 
wards annealed, the stress of the ^ inch plates per square inah 
ef the net area between the . holes is practically the same as 
that of the original plate. The injurious effects of punching 
are much more marked as the thickness increases, for in the case 
of the ^y I, and 1 inch plates the stress per square inch of the 
net area between the holes is 5*8, 17*5, and 24*2 per cent, 
respectively, less than the stress per square inch of the plate before 
punching. . ^ . 

Comparing the punched with drilled plates, there is a loss with 
the former due to the effects of punolung of 11*79, 15-1, 22*2, 
and 28*5 per cent, of the stress of the drilled plates. These per- 
centages really represent the injurious effects of punching upon 
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the plate, and show how barbarous an instrument the punch is 
when mild steel is subjected to its action. 

These results point conclusively to the almost absolute ne- 
cessity of all steel plates being drilled, or the injurious effects of 
punching removed by annealing, or other means, unless a large 
portion of the strength of the steel is to be wasted. There is no 
doubt that when a plate is punched the metal in the inmiediate 
vicinity of the hole is put into a state of compression. This 
appears to arise to some extent, from the ** punching " before it 
s^arates from the specimen being reduced to less than the thick- 
ness of the plate, and consequently exerting a pressure radially 
round the hole, which is resisted by the plate beyond the zone of 
compressed metal. The efficacy of annealing appears to depend 
upon the fact that whilst slowly cooling, the molecules re-arrange 
themselves and the local compression is reduced. 

The recuperative power of annealing on the punched plates as 
the thickness increases is represented for the ^, ^, |, and 1 inch 
plates by the per-centages 4*6, 11*4, 18*5, and 24*5, which are 
the differences between the per-centages for the punched plates, 
and those punched and afterwards annealed. 

Taking from the last summary the differences between the per- 
centages c^ the drilled plates and those punched and afterwards 
annealed, we have 8 • 2, 5 • 5, 5*4, and 5 • 8 per cent, respectively for 
the ^, ^, f , and 1 inch plates. A very interesting question thus 
presents itself, do these lower values arise from the lower ultimate 
stress of the plate, owing to the greater softness of the material 
caused by annealing, and to the reduced section caused by the 
taper holes in the punched and annealed plates, or do they 
represent the injury due to punching which ann^ding did not 
remove ? The smaller elongation of the holes la the annealed 
specimens which will shortly be referred to does not however 
appear to indicate greater softness. 

It is of the highest importance that annealing should be care- 
fully done. It has been already stated that the specimens in this 
series which were annealed, were raised to a duU red heat and 
covered with ashes until cold. The results obtained can therefore 
only be considered to apply to this steel when the annealing is pOT- 
formed in this way. If it be performed carelessly or inefficiently, 
the results will most likely be very different fronajsfhat have been 
mentioned, und the injury arising from puncWng may be little, if 
at all, removed. The results of some expefiments subsequently 
made with some punched and anneale^ $^cimens with great care, 
and which will be referred to ^(f^, showed that the precise 
amount of advantage obtained in the series we have been con- 
sidering may be somewhat modified; 

In the Tables 2, ^^ 4, and 5, under consideration, valuable in- 
fbrmation is affgirdM respecting the effects of the different treatment 
on the ductility of the steel, as shown by the elongation of the 
boles at itltimate stress^ 
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The following summary contains the mean resnits : — 



Specimeni. 


Elongation of Holes at Ultimate Stress. 


i-inch. 


^inch. 


i-inch. 


l*inch. 


DriUed - 
Panched 
Ponched and 
annealed 

m 


per cent. 
24-3 
11-7 

27-1 


per cent. 
37-0 
18«6 

851 


per cent. 
37'6 
11*1 

330 


percent. 

83-5 

4*3 

29'8 



The elongation of the holes in the i-inch specimens is thus 
much less than in the ^, |, and 1 inch ; this is problEtblj due to the 
greater hardness of the former, which has been already referred to. 

Punching which has been proved so injuriously to affect the 
tensile strength of the steel plate is also seen to reduce the ductility 
in a very large degree, as shown by the reduced elongation of the 
punched holes as compared with the drilled, the mean elongation 
of the former being 11*4, and of the latter 33* 1 per cent. The 
injurious effects of punching upon the tensile strength has been 
shown to be greatest with the thickest plates, and in them also the 
ductility of the material is seen by the smaller amount of elonga- 
tion of the punched holes to be most reduced ; the elongation of 
the drilled holes in the | and 1 inch plates which are 37 ' 6 and 
33*5 per cent, respectively, being reduced in the punched to 11' 1 
and 4*3 respectively, a much larger reduction than occurs with 
the ^ and ^ inch plates. 

Annealing, which so largely removes the injurious efiects of 
punching upon the tensile stress, is also found to greatly restore the 
ductility, the elongation of the holes when the plates are annealed 
after punching, being not much less than the drilled. 

The remarks which have been made in the former section, re- 
garding the difference between the behaviour of brittle and ductile 
materials when tested to destruction, apply with great force also to 
the perforated plates. Those in which the holes ore drilled, or 
those which are annealed after punching, break in the way de 
scribed for ductile materials, whilst the | and 1 inch punched plates 
which are considerably injured by punching, give little or no 
warning of approaching fracture. 

From the results of the experiments there appears to be no doubt 
that in the event of the stress on either a ship or steam toiler con- 
structed of this mild steel approaching a dangerous limit, warning 
would be given by leakage at the rivet holes if the holes were 
drilled, or the plates properly annealed after punching. The elonga- 
tion of the punched holes has been shown to be so much less than of 
the drilled holes or the punched holes when the plates are afterwards 
annealed, and the punched specimens break so suddenly, that it 
is doubtful if warning would be given under similar circumstances. 

A consideration of the appearance of the fractures of the 
different specimens is very interesting. Tables^ 1 and 13 show 
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that the fractures of the unperforated specimens wore entirelj 
silky in appearance, with the exception of one of the f inch, 
and two of the 1 inch plates, in which 5 per c^nt. of each of the 
fractures was granular, the remainder being silky. The extent to 
which the appearance of the fractures was affected by the treat- 
ment the specimens had undergone is shown by the following 
summary of results taken from Tables 2, 3, 4, and 5 : — 



Specimens. 


Appearance of Fractures of Perforated Plates. 


i-inch. 


}-inch. 


}-mch. 


1-inch. 


Drilled - 

Punched - 

Punched and 
annealed- 

Punched and 
annealed - 


100 7^ silky 
100 7, „ 

1007, „ 
100 7o ,, 

100 7, „ 

100 7o „ 


100 7, silky - 
100 7, „ - 

/95 7o n ' 
1.5 7, granular - 

100 7o silky - 

100 7, „ - 

100 7o n - 


r95 7,silky - 
\5 7o granular - 

r92 7oBilky . 
1 8 7, granular . 

30 7^ sdky - 
70 7o granular - 

r 45 7o silky - 

\55 7o granuhir 

100 7o silky - 
100 7o „ 


20 7oiflky.^ 
,80 7, granular. 

98 7, silky. 
7 7, granular. 

}ioo7o ,• 

3 7o silky. 
97 7, granular. 

r83 7oSi»^y. 

\17 7,granular. 
100 7, silky. 



The appearance of fracture of the i and i inch specimens is 
thus almost wholly silky. In the J-inch punched specimens there 
is considerable granular appearance, and table 4 shows by the 
reduced elongation of the holes that the specimens broke more 
suddenly; than the drilled or annealed specimens of which the 
fractures were almost wholly silky. Of the two 1-inch drilled 
specimens one broke with a fracture 80 per cent, granular, and 
the other almost wholly silky ; the former is seen by the reduced 
elongation of the holes to have broken more suddenly than 
the latter. The 1-inch punched plates broke with an almost 
wholly granular fracture, and by the very small elongation of the 
holes are shown to have broken suddenly. In the 1-inch punched 
specimens off the same plates, and which were annealed after 
punching the elongation at fi*acture was considerably greater than 
in the punched specimens, and the mean granular portion of the 
fracture was reduced from 98^ to 8^ per cent. These results would 
appear to show that the fact of mild steel displaying a granular 
appearance does not necessarily imply that the material is brittle, 
but Uiat it depends upon whether the specimen breaks suddenly or 
with considerable elongation or contraction of area at fracture. 
They also show that, as a rule, if the cause such as the effect of 
punching, &c., which led to sudden failure, is removed by annealing 
or otherwise, the fracture changes from granular to silky. 

The intimate connection between the nature of the fracture 
silky or granular, and the gradual or sudden character of the break, 
is perhaps better recognized after inspecting the diffferent speci- 
mens. It is seen that when by the absence of contraction of area 
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or extension the specimen broke suddenly, the fracture is square 
and granular in appearence. When, however, the break has 
occurred with considerable contraction of area or extension, the 
fracture in place of being square is drawn out, and angular either 
from one side or the centre, the corresponding fracture in the 
latter case being cup-shaped. 



In the specimens experimented with already referred to, the holes 
in the plates and riveted joints were either drilled or punched. 
It is not, however, unfrequently the case that rivet holes are 
punched small, and bored to the size required, with the object of 
removing the zone of metal affected by punching. 

It had long been considered desirable to ascertain with some 
degree of certainty to what extent, if any, the subsequent boring 
of the holes removed the injurious effects of punching, when Mr. 
Halket, the manager of the Glengall Ironworks, Millwall, kindly 
offered to prepare the necessary specimens for testing free of cost, 
the Steel Company ofcScotland also kindly supplying the steel plates. 

In or^er that the strength of plates with holes punched small, 
and bored to size, might the more justly be compared with those 
treated in the manner already referred to, it was considered desi- 
rable that some specimens so treated should be cut from the same 
plates. This plan obviated the possibility of any uncertainty when 
comparing the results from there being a slight difference between 
the plates. 

Eight specimens, ^, i, f , and 1-inch thick, were prepared, or 
32 in all. One of each thickness was unperforated, one was 
drilled, two were pimched, two were punched small and bored to 
size, and two were punched and the plates afterwards annealed. 
It was intended to have prepared two unperforated and two drilled 
specimens, but the plates ordered were scarcely large enough to 
allow of it. In order to enable a comparison to be readily made 
between the strength of the specimens treated in the different 
ways referred to, the sectional areas of the plain and perforated 
specimens were made as nearly as possible the same, the small 
diameter of the punched hole^ being made the same size as the 
drilled holes. The specimens were not sheared, but were all 
planed out of the solid plate, so as to avoid any disturbance of the 
texture of the material. The holes were perforated before the 
specimens were shaped, the punches and dies being in good 
average condition. The plates which were annealed were heated to 
a cherry red iii a plate furnace, and covered with ashes until cold. 
In punching the holes, the bolsters or dies used were larger than the 
punches by about one-fifth of the diameter, this proportion being 
adopted as affording a moderate degree of clearance to the puncii. 

In the case of some experiments on mild steel to ascertain 
the effects of using bolsters of different sizes with the same 
f unch, the results of which have been published elsewhere, it has 
been stated that a large benefit is derived from the use of dies 
giving considerable clearance to the punch. When, however, the 
results are examined it Is observed that the comparison is made 
between the ultimate stresses per square inch of the section of 
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metal obtained by deducting the taper punched holes from the 
total section, instead of that found by deducting parallel holes the 
size of the snlall end of the hole. It is of course possible that the 
results mentioned may be obtained in some cases when the calcu- 
lation is made in the proper way, but it should not be forgotten 
that a plate punched with holes haying a considerable amount of 
taper, although less injured by punching, may as a whole be 
weaker than a plate punched with nearly parallel holes, owing to 
the large amount of metal punched out ; such a result is indeed 
often observed. 

In order properly to compare the results of using dies of 
different sizes with the same punch, the stresses should be calcu- 
lated with reference to the gross area of the plate at the holes, or 
else with reference to, what is proportional to it, the net area 
between the holes calculated upon the assumption of the holes 
being parallel the size of the small end. Similarly, if plates with 
punched holes be compared with others having diilled holes, the 
stresses of both sets of plates should be calculated in the same 
way. The necessity of this is seen if the plates are pulled apart, 
as the effect of the reduced section on the punched plates then 
becomes apparent. 

In the case of the holes punched small, and bored to size, the 
following proportions were adopted as fair, and such as would be 
adopted in general practice, the boring being perfonned by a 
parallel twist drill. 



Thickness of 
Plate. 


Holes Punched. 
Diameter. 


Bored to. 
Diameter. 


inch. 
1 


inch. 

H 

1 
H 


inch. 
I 



The results of the experiments are given on tables 20, 21, 22, 
and 23. 

The following summary contains the mean ultimate stresses per 
square4neh of net area : — 



Specimens. 

r 


Ultimate Stress per Square Inch of Net Section. 


^-inch ^inch. 


|-inch. 


1-ineh. 


Punched 
Punched and \ 

annealed - j 
Punched small and 

bored to size - 
Drilled - - 
Unperforated - 


• 
tons. 

28-33 

31-6 

1 31-23 

31-46 
30-17 


tons. 

25-33 

29-39 

30-86 

81-37 
27-69 


tons. 

22-94 

29-31 

28-81 • 

30-23 
27-84 


tons. 

21-26 

29-12 

29-15 

28*43 
28-17 
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These figures enable a comparison to be made very readily 
between the results of the different treatment the specimens have 
undergone. The stresses if expressed in terms of the per-centage 
of strength of the solid plate are as follows : — 



Specimens. 


Ultimate Stress per Square Inch of Net Section 
compared with SoUd Plate (-100). 


:}-inch. 


^-inch. 


}-inch. 


1-inch. 


Punched - 
Punched and an- 1 
nealed - -J 
Punched small 
andboredtosize 
DriUed - 


per cent. 
93-8 
104-7 

103-5 
104-2 


per cent 
91-4 
106 1 

111-4 
113-2 


percent. 
82-3 
105-2 

103-4 
108-6 


per cent. 
75-4 
103-3 

103-4 
100-9 



The losses and gains of the perforated plates as compared with 
the unperforated are given below : — 



Specimens. 


Difference between the Ultimate Stresses per Square 

Inch of Net Section of Perforated and 

Unperforated Plates. 


J-inch. 


|-inch. 


f-inch. 


1-ihch. 


Punched - 
Punched and an- \ 
nealed- -/ 
Punched small 1 
andboredtosize j 
Drilled - 


per cent, 
loss 6-2 
gain 4*7 

„ 3-5 
„ 4-2 


per cent, 
loss 8 - 6 
gain 6-1 

„ 11-4 
,, 13-2 


per cent, 
loss 17-7 
gain 5-2 

„ 3-4 
,, 8-5 


per cent, 
loss 24-6 
gain 3-3 

„ 3-4 

„ 0-9 



The ultimate stresses of all the perforated specimens except the 
punched are like those previously tested greater than the stresses 
of the unperforated plates ; this is no doubt due to the causes 
already alluded to as having caused a similar result. 

Comparing the punched plates with those in which the holes 
are punched small and bored to size, we find that whilst with the 
former there is with the \, ^, |, and bne inch specimens a loss 
compared with the solid p&te of 6*2, 8*6, 17'7, and 24*6 per 
cent, there is in the latter a gfdn of 3*5, 11 '4, 3*4, and 3*4 per 
cent, respectively, making a total gain, with the specimens in 
which the holes were bored after punching, over those in which 
they were punohed, of 9*7, 20*0, 21*1, and 28 per cent. The 
effect of boring after punching, like that of annealing, is to remove 
nearly all the injurious effects of the punch as indicated by the 
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tensile stress. The mean excess of the drilled specimens is 
greater than either of the others. The 1-inch drilled specimens do 
not give so high a result as those previously obtained, and for that 
reason it is to be regretted that only one drilled specimen was 
tested in this series. 

That the ductility of the material is affected by the treatment 
the material undergoes is clearly shown by the elongation of the 
holes at the ultimate stress : — 



Specimens. 


Elongation of Holes at Ultimate Stress. 


i-inch. 


^-inch. 


f-inch. 


1-inch. 


Panelled - 
Punched and an- 1 

nealed - -/ 
Punched small \ 

andboredtosizej 
DriUed 


per cent. 
9-6 
36*5 

220' 
32*0 


per cent. 
120 
430 

28*5 
440 


per cent 
10*6 
35*3 

22*6 
320 


per cent. 
30 
26-0 

25*0 
44-0 



We thus see that whilst in the punched specimens of all thick- 
nesses there is a mean elongation of the holes of 8 • 7 per cent., the 
same in the punched and annealed, punched small and bored to 
size, and the drilled specimens are respectively 35 '2, 24*5, and 38 
per-cent. The mean elongation of the holes in the punched and 
annealed and driUed specimens are thus nearly equal, and exceed 
by four times that of the punched. 

The specimens in which the holes were punched small and bored 
to size gave scarcely such good results as the drilled, but as the 
elongation of the holes is about three times that with the punched 
plates, the advantage of boring the holes after punching is as 
regards ductility clearly proved. 

The advantage of drilling compared with punching, as regards 
the ductility of the specimens, is most clearly shown in those 
1 inch thick, the elongation of the holes in the drilled specimens 
being 44 per cent., whilst it is only 3 • per cent, in the punched. 
The result is perhaps such as* might be expected considering 
that the ultimate stress per square inch of the punched plate is 24 
per cent, less than that of the solid plate the per-centage of 
the elongation of the holes bored after punching is nearly the 
same in all thicknesses, but being considerably less than in the 
drilled, and punched and annealed specimens, would appear to 
show that the ductility is impaired, and that the quantity of 
metal bored out is less than requisite to remove the whole injury 
arising from punching. 

The fractured area of the specimens like the elongation of the 
holes is considerably affected by the treatment the material under- 
goes. This is shown by the summary attached : — 
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Specimens. 


Mean Contraction of Area at Fracture. 


^-inch. 


^-inch. 


1-inch. 


l-inch. 


Punched 

Punched and an- 
nealed 

JPoBched small and 
bored to size - 

Drilled 

Unperforated 


per cent. 
24-1 

41*3. 

240 
36-6 
63-8 


per cent 
19-1 

37-4 

28-9 
32-7 
500 


per cent 
130 

30-7 

19-4 
32- 1 
39-4 


per cent 
5-4 

24-7 

15-9 
33-2 
38-8 



The mean contractioB of area of the punched specimens of all 
thicknesses is 15*4 per-cent, and of those punched and annealed, 
punched and bored, and drilled, 33*5, 22 •0, 33*6 percent, re- 
spectively, the lowest value, 15*4, indicating considerable injury 
from punching. 

In the specimens in which the holes were bored after punching, 
the contraction of area is much greater than occurred with the 
punched, and indicates a beneficial effect having resulted from the 
subsequent boring. It is, however, like the elongation of the holes 
less than with the punched and annealed, and drilled specimens, 
and is an additional argument proving that the quantity of metal 
bored out of the punched holes is not quite sufficient to remove 
the whole injury arising from punching. In the punched 
specimens the contraction of area becomes less as the thickness 
increases, and varies in about the inverse ratio of the injury arising 
from punching. This is most clearly shown by the \ and 1 inch 
specimens in which the loss of strength by punching is respec- 
tively 6 • 2 and 24 • 6 per cent., whilst the contraction of area is 
24*1 and 5-4. 

We have already when dealing with previous tables considered 
the extension of the unperforated plates at the ultimate stress as 
well as at 50,0001bs. and 60,000 lbs. per square inch. In tables 20, 
21, 22, and 23 the means are afforded of comparing the extensions 
of the perforated plates at the same stresses. 

The particulars given are of great value when considering the 
extension that is likely to occur in the circular shell of a steam 
boiler upon the application of definite stresses. It is not uncom- 
monly suggested that a steam boiler may be allowed to work at 
a particular pressure if the application of the same, or a some- 
what higher stress, is borne without distortion or perceptible 
lengthening of the boiler plates circumferentially. The great 
ductility of this steel has been suggested as affording a means 
of knowing when undue strain is being applied. 

The particulars in columns 15 to 17 in the tables referred to, 
give convincing proof of what has long been known, but possibly 
overlooked by those making the above suggestion, viz. : — that 
the effect of perforating a plate in one or more lines across the 
direction of stress is to cause lines of weakness at those parts to 
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which also the extension is almost wholly confined. Consequentlj, 
owing to the form of the specimen where weakened, and the 
shortness of the length over which extension occurs as compared 
with 10 inches, the per-centage of extension upon that length is 
very much less than in the unperforated specimen. 





Mean Ultimate Extension set in 10 inches of 






Perforated Specimens. 




Specimens. 








i-inch. 


i-inch. 


|-ineh. 


1-inch. 




per cent. 


percent. 


per cent. 


percent. 


Punched - 


1-7 


2-9 


2-4 


0-75 


Punched and an- 










nealed 


5-8 


8-0 


8-5 


8-0 


Punched and bored 


4-2 


6-6 


6-7 


7-5 


DrUled - 


5-8 


7-8 


9-2 


12-0 


Unperforated - 


22-9 


30-3 


80-6 


29-0 



The mean ultimate extension in 10 inches of all the perforated 
specimens, J, ^, f, and 1 inch thick, are respectively 4*3, 6*3, 6*7, 
7*0 per cent., the ultimate extensions of the unperforated plates 
being respectively 22*9, 30 '3, 30 '6, and 29*0 per cent. As the 
diameter of the holes is not the same in all the thicknesses of 
plates, and consequently the effective length for stretching differs, 
it is not right to compare the extension of a perforated plate of one 
thickness with that of another. Comparing, however, the ultimate 
extension of the different specimens of the same thickness, we find 
that in the punched it is very much less than either of the others, 
thus showing the injurious effects of punching. Taking the others 
in the order of amount of extension we have generally : — 

(1.) Drilled. 

(2.) Punched and annealed. 

(3.) Punched and bored. 

The smaller extension of the specimens in which the holes were 
bored after being punched, compared with the annealed and drilled 
specimens, appears to prove that the quantity of metal bored 
out after punching was scarcely sufficient to remove the whole 
effect of punching. 

Comparing the results obtained with the specimens in which 
the holes were punched, with those in which they were punched 
small and bored to the size required, it is clear that a decided 
advantage is obtained in the latter over the former as regards 
tensile stress and ductility. Notwithstanding this fact, however, 
the system is not to be recommended unless the quantities bored 
out are considerably in excess of those removed in the fore-going 
experiments. The reason of this is obvious. However carefully 
holes are punched, a certain amount of unfairness between those 
in the different plates when placed together for riveting is sure to 

occur. The particulars given show that the amounts bored out 
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of the plates experimented with, were scarcely sufficient to remove 
the whole injury arising from the effects of punching. Unless 
therefore in boiler work a much larger quantity is bored out, the 
unequal removal of metal at the sides of the holes caused by their 
unfairness, is liable to leave unremoved a quantity of metal i^ected 
by punching, and therefore especially in thick plates liable to 
cause a considerable reduction in strength. The careful annealing 
of all steel plates after punching, or better still the drilling of the 
holes is therefore much to be preferred to the boring of rivet holes 
after punching. 

Summarising the extension in 10 inches at stresses of 60,000 lbs. 
and 60,000 lbs. per square inch of net section, we have as 
follows : — 



Specimens. 



Mean Extension Set in 10 inches. 



i-inch. 



i-inch. 



i-inch. 



l-inch. 



I§ 






II 
P 



II 



ll 



II 






II 



l» 



lis 



^1 



II 



Punched 
Punched and 

annealed - 
Punched and 

bored 
Drilled- 
Unperforated 



percent. 
Nil. 

•05 

•0.5 
•2 
3-5 



percent, percent. 
•25 -35 



•45 

•65 
•5 
12^0 



•8 

•45 
•9 

4^8 



percent. 
Broken 

2 45 

2.1 

2-9 

135 



percent 
•8 

1^55 

1-05 

15 

4-6 



percent. 
Broken 

3-85 

3-5 

3^9 

12-4 



percent, percent. 
Broken Broken 



1-6 

1^8 
23 
4-7 



4-1 

5.1 

51 

12-8 



It has been shown that the ultimate extension of the punched 
specimens is much less than that of the punched and annealed, 
punched and bored, and drilled ; this is also the case at 50,000 and 
60,000 lbs. per square inch of net area. All the one inch and one 
of the three-quarter inch punched specimens broke at a lower stress 
than 50,000 lbs. per square inch. At this stress the extension sets 
in 10 inches of the punched specimens, J, ^, and | inch thick are 
0, 0* 35, and 0* 8 per cent, against * 1, 0* 71, 1 ' 36 per cent., which 
are the mean values for the above thicknesses of the punched and 
annealed, punched and bored, and drilled. The smaller extension 
with the punched specimens is most marked with those finch thick. 

The above results are most important as they show that the 
effect of punching is to reduce the ductility of the plate in the 
same way as if a hardening effect had taken place. 

The following summary shows the comparison between the 
mean stresses of all the perforated plates of the different thick- 
nesses at 50,000 lbs. and 60,000 lbs. per square inch, and at the 
ultimate stress :— 

Google 



Digitized by 



'8' 



25 



Thickness of 
Plate. 


Mean Extension Sets in 10 inches of the Perforated 
Specimens. 


At 60,000 lbs. per 

Square Inch of 

Net Area. 


At 60,000 lbs. per 

Sqnare Inch of 

Net Area. 


Ultimate. 


1 inch 

2 » " 

1 » • 


per cent. 

•07 

•62 
1-22 
1-42 


per cent. 

•46 
1-86 
2'8 
3-57 


per cent. 

4-8 
6-8 
6-7 
70 



Attention has previously been directed to the smaller extension 
set of the unperforated plates at stresses of 50,000 lbs. and 
60,000 lbs. pe^ square inch, as compared with the ultimate 
extension set, in order to show that the ultimate extension of the 
material, although large, consists to a great extent of elongation, 
due to contraction of area at fracture^ The above summary shows 
that a similar result occurs with the perforated plates. The mean 
extension set in 10 inches at 50,000 lbs. and 60,000 lbs. per square 
inch, and at the ultimate stress, being respectively 0' 83, 2* 17 and 
6" 1 per cent., whilst the same values for the unperforated plates in 
the series are respectively 4*4, 12 '6, and 28*2 per cent. 

The effect of perforating the steel plates is thus seen to greatly 
affect the elongation, the effects being most marked in the punched 
plates, and least in the drilled. The extension of a mild steel un- 
perforated plate at a safe working stress is very small. It is also 
reduced more or less by the presence of rivet holes according as 
they are drilled or punched, and being localised at the holes is 
difficult to measure with any degree of accuracy ; no dependence 
can,' therefore, be placed upon it as a means of detecting when un- 
due strains are applied in the manner suggested. 



In the ou^er strakes of plating of the hulls of vessels the rivet 
holes are punched, and afterwards countersunk, the countersinking 
according to the best practice extending right through the plate, 
or nearly so. The metal affected by punching is thus drilled out 
with the exception of a small portion on one side of the plate. 

The injurious effects of punching, especially upon thick st^el 
plates, whilst veiy great, have beeil shown to be largely removed 
by the subsequent boring out of a narrow zone of metal, the whole 
thickness*of the plate. It was, however, considered desirable to 
ascertain by actual experiment to what extent, if any, the strength 
and ductility of the steel plate might be affected by the non- 
removal from one side of the plate of a narrow ring of metal which 
had been subjected to the effects of punching. The Steel Company 
of Scotland were requested to supply three steel plates, i, |, and 
1 inch thick of the quality usually supplied by them for the con- 
struction of the hulls of vessels, which they readily agreed to do. 
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Six specimens were cut length way out of each plate, two were 
unperforated, two were punched and afterwards countersunk, and 
two were drilled and countersunk. The countersinking extended 
right through the plate, and was of course done from the large side 
of the hole. The holes in the drilled specimens were made by a 
parallel twist drill. In the punched specimens the proportion of 
the dies to the punches with which they were respectively used, is 
as nearly as possible the same as that adopted in the perforated 
plates already dealt with. 

Attention has already been directed to the effect which the per- 
foration of holes in a plate has upon the ultimate tensile stress, &c. 
If the tensile stress of the punched and countersunk plates were 
compared only with those of unperforated plates, it is evident that 
a certain amount of uncertainty must exist respecting the effects of 
the punching, owing to the form of the specimens at the point of 
fracture affecting the ultimate stress. For this reason the speci- 
mens which were drilled and countersunk were prepared and tested 
in order that the ultimate tensile stress, <fec. of the punched and 
countersunk specimens might be compared with others similar in 
form, and which had not been injured when perforated. 

The results of the tests are given in Table 24. 

The ultimate 'tensile stresses of the unperforated plates, ^, f , 
and 1 inch thick, are respectively 25*76, 26*65, and 27*28 tons 
per square inch, the contraction of area at fracture 47*69, 41 '96, 
48*07 per cent, respectively, and the ultimate extension 30*5, 
28*0, and 30*3 per cent, respectively. The ultimate stresses are 
thus considerably lower than of the steel boiler plates previously 
tested, but possess about the same degree of ductility. The 
ductility is, it may be remarked, greater than that usually found 
in the steel plates generally supplied for the hulls of vessels. 

Summarising the ultimate stresses per square inch of net section, 
we have as follows : — 



Specimens. 


Ultimate Stress per Square Inch of Net 
Section. 


JincK 


}-inch. 


1-incb. 


Punched and countersunk 
Drilled and countersunk 
Unperforated - - - 


tons. 

27-67 

27-44 

• 25-76 


tons. 

28-82 
29-20 
26-65 


tons. 

29-53 
29*22 
27-28 



It will be seen that, taking the mean of the punched and 
countersunk, and the drilled and countersunk specimens ^, |, and 
I inch thick, that the mean ultimate stresses are practically equal, 
being 28 * 67 tons and 28 * 62 tons per square inch, showing that 
as regards ultimate stress the countersinking of the punched 
holes has removed the injurious effects of punching. 

The ultimate stress of the perforated specimens is greater than 
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that of the unperforated, a result duo to the holes affecting the 
facility for contraction of area at the point of fracture. 

The calculation of the ultimate stresses per square inch of net 
section has been made by deducting the mean diameter of the 
holes. If, as in previous cases, the small diameter of the holes be 
deducted, we have for the punched and countersunk, and drilled 
and countersunk specimens ^, f , and 1 inch thick, the ultimate 
stresses 26 • 87 tons and 26 • 76 tons per square inch respectively. 
The mean ultimate stress of the unperforated specimens is 26' 56 
tons per square inch, so that even with the loss of the metal 
removed by the countersinking the ultimate stress of the perfo- 
rated specimens slightly exceeds that of the unperforated. 

Notwithstanding the above, it does not appear upon considera- 
tion of the following summary that all the effects of punching are 
removed. 



Specimens. 


Contraction of Area at Fracture. 


i-inch. 


f-inch. 


l-inch. 


Punched and countersunk 
Drilled and countersunk 
Unperforated - - - 


per cent. 

25-66 
29-63 
47-69 


per cent. 

18-88 
22-33 
41-96 


per cent. 

16-26 
17-86 
48-07 



The contraction of area at fracture of the punched and counter- 
sunk specimens is less for all the. thicknesses than for those drilled 
and countersunk, and would appear to show that the ductility of 
the former is less than the latter, a result possibly caused by the 
hardening effect locally on the plate of the operation of punching. 

The fdlowing summary of the ultimate extension sets indicates 
the same effect, the extension set of the punched and countersunk 
specimens being in each case less than the drilled and counter- 
sunk. 



Specimens. 


Ultimate Extension Set in 10 inches. 


J-inch. 


|-inch. 


l-inch. 


Punched and countersunk 
Drilled and countersunk 
Unperforated - - - 


per cent. 

8-75 
9-4 
30-5 


per cent. 

7-75 
10-0 
28-0 


per cent 

7-25 
10-0 
30-3 



The smaller contraction of area of the perforated specimens as 
compared with that of the unperforated, is due to the effect of the 
form of the specimen at the holes which has been previously 
referred to. The smaller extension set in 10 inches of the 
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perforated specimens as compared with that of the unperforated is 
caused by the extension being confined to the metal at the lines of 
weakness across the plate at the holes. 



Respecting the Results of Testing by Pctlling Stress 
some Riveted Joints. 

Tables 6, 7, 14, and 15, give the results of testing some 4;riple 
riveted lap joints made of steel plates ^, ^, |, and 1 inch thick. 
There were four joints of each thickness, the rivet holes in two of 
each being drilled, and in two of each punched ; the plates of one 
of the punched joints of each thickness were annealed after 
punching, by being heated to a cherry red, and covered with 
ashes until cold. The rivets in the drilled joints were pitched so 
that one joint of each thickness should give way by tearing the 
plate through a line of rivet holes, and the other by shearing the 
rivets. The holes in all the joints of one thickness were made to 
take the same size rivets, the small diameter of the punched holes 
being the same size as the di'illed holes, the sides of the plates 
from which the holes were punched being placed together. The 
joints were steam machine riveted with steel rivets supplied by 
the Steel Company of Scotland, The plates were drilled by 
Mr. Kirkaldy, but the punching, annealing, and riveting, were 
performed at the works of Messrs. J. and G. Rennie. 

As regards the riveting Messrs. Rennie state that no special 
instructions were given to their workmen regarding the rivets, 
and that no difficulty was experienced with them, 'fliere appears 
from the results of the tests to be no doubt that if steel rivets are 
judiciously selected for the special qualities required, and if care 
be taken in heating them, that no trouble need be anticipated 
with them. Tables 8 and 16 give the results of testing them for 
tensile stress, &c. ; their shearing stress was ascertained by the 
experiments on those riveted joints which failed by the sheaidng 
of the rivets. Turning to Mr. Kirkaldy's report we have as 
follows : — 



Specimen. 


Ultimate Stress per Square Inch of Gross Area at Joint. 


:J-inch. 


J-inch. 


j-inch. 


1-inch. 


Drilled 
Punched - 
Punched and an- 1 
nealed - - J 


tons. 

26-3 
22-8 

23-7 


tons. 

22-3 
19-6 

20'9 


tons. 

20-6 
18-6 

20-6 


tons. 

191 

8-8 

19-0 
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The above stresses are computed with reference to the total 
sectional area of the plate at the joint, including therein that 
removed by the rivet holes. The results obtained with the joints 
of different thicknesses cannot therefore be compared, unless the 
per-centage of metal removed by perforation be the same in all 
cases. The summary, however, enables a comparison to be made 
between the values of the drilled, punched, and punched and 
annealed joints of each thickness respectively, and gives the 
ultimate stress per inch run of joints. The greater stresses borne 
by the drilled joints as compared with the punched is very 
marked, especially in the case of those 1 inch thick. 

The results of testing the joints of different thicknesses can be 
compared if the stresses are calculated in terms per square inch of 
net section between the rivet holes as follows : — 



Specimen. 


Ultimate Stress per Square Inch of Net Section between 
the Rivet Holes. 


i-inch. 


^-inch. 


J-inch. 


1-inch. 


DriUed 
Punched - 
Punched and an- 1 
nealed - - j 


tons. 

35-95 
31-75 

32-91 


tons. 

34- 16 
30-2 

32-21 


tons. 

30-46 
27-79 

30-62 


tons. 

29-44 
13-6 

29-5 



As the drilled joints were made previous to those punched, and 
punched and annealed, and consequently from different plates, 
the results can more fairly be compared if the stresses are expressed 
in terms of the per-centage of strength of the unperforated plates 
from which they were respectively cut, thus : — 



Specimen. 


Stress per Square Inch of Net Section compared with 
Solid Plate (« 100). 


:i-inch. 


J-inch. 


|-inch. 


1-inch. 


DriUed - 

Punched - 

Punched and 1 
annealed - - j 


per cent. 
113-8 

106 
. 109-9 


per cent. 
117-2 

107-9 
114-8 


per cent. 
106-5 

96-6 
106-5 


per cent. 
105-9 

47-8 
103-8 



These per-centages express the relation between the stresses 
borne by the net section of plate between the rivet holes, and by 
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imperforated plates of equal sectioo. The loss of strength arising 
from the removal of plate by punching or drilling is not included. 
The losses and gains of the different joints as compared with 
the unperforated i^tes are as follows : — 



Specimen. 


Difference between the Ultimate Stresses of the Net Sec- 
tion of Plate in the Eiveted Joints, and the Solid Plate. 


^inch. 


^-inch. 


|-inch. 


1-inch. 


DriUed 
Punched - 
Punched and an- 
nealed - 


per cent, 
gain 13*8 

„ «-o 

„ 9*9 


per cent. 

gain 17*2 
„ 7 -.9 

,. 14-8 , 


per cent. 

gain 6*5 
loss 3*4 

gain 6*5 


per cent 

gain 5*9 
loss 52*2 

gain 3*8 



The ultimate stress per square inch of the net section of the 
drilled joints between the holes is thus greater than the ultimate 
stress per square inch of the solid plate, the excesses for the \, ^, 
|, and 1 inch joints being 13*8, 17*2, 6 '5, and 5*9 per cent. 
The punched and annealed joints also show an increase although 
generally to a rather less extent. The punched joints, ^ and ^ 
inch thick, show an excess over the unperforated plates of 6* 0, and 
7 • 9 per cent., but in the f and 1 inch punched joints the losses 
are 3*4, and 52*2 per cent. The above losses do not include 
those due to the material removed by the rivet holes which must 
accordingly be added in order to obtain the total loss of strength 
on a definite length of plate. Had the material between the rivet 
holes after punching been equal in strength to the solid plate the 
1-inch joint should have sustained a load of 28 '4 tons per square 
inch, whereas it only sustdned 13*6 tons per square inch. Wece 
a steam boiler constructed with similar longitudinal joints the 
working pressure should thus be reduced as 28*4 to 13 '6, or 
more than one-half, in order that the boiler shell might be equally 
strong with another of which the material was not thus injured. 
Few facts are more convincing as to the necessity for avoiding 
punching thick plates, or at any rate of carefully annealing them 
afterwards. 

It will be observed that the amount of injury sustained by" the 
1-inch joint owing to the effects of punching is much greater than 
occurred with the straight punched plates dealt with in a previous 
section. The question thus arises, to what is this difference due ? 
The following remarks are offered in order to throw light upon 
the subject. When two plates are connected by a riveted lap 
joint the plates when subjected to severe pulling stress no longer 
remain in the position shown in fig. 1, but take that in fig. 2. 



Fig. 1. 



Fig. 2. 
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It has been conclusively proved that with ordinwy iron plates, 
especially thick plates which fracture when bent to a small angle, 
that the bending which occurs as the form of the joint changes under 
a pulling stress from fig. 1 to fig. 2 exerts a very injurious effect upon 
the ultimate stress. This was commented upon by Sir William Fau*- 
bairn many years ago. It will probably be remarked that in the 
case of the lap riveted steel joints in this series of experiments, in 
which the plates were (1) drilled, and (2) punched, and afterwards 
annealed, that the injurious efiects, when under a pulling stress, 
of the bending arising from lap jointing are not shown, but the 
explanation of this fact appears to be that, the steel being a 
ductile material, the bending action which occurs under a gradually 
applied pulling stress does not materially afiect the ultimate stress 
unless the treatment the metal has received, has been puch as to 
reduced the angle to which it can be bent without injury. 

The above remarks are offered as the probable cause of the 
effects observed, but the extent to which the ultimate stress of 
double and treble riveted lap joints made of steel plate are affected 
by the bending action referred to above, is a subject of very great 
importance which demands further experimental inquiry, which if 
carried out should embrace steel made by different manufacturers. 

Apart from the additional loss of strength in the punched 
joint apparently caused by the bending action, arising from the 
form of the joint, the loss of strength in the 1-inch strcdght- 
punched plates is sufficiently large to cause the greatest suspicion 
concerning all thick steel plates in which the holes are punched, 
unless the plates are subsequently cai'efully annealed. It should 
be remarked that since these experiments were made, others have 
been carried out with the mild steel of other manufacturers, and 
similar results proving the injurious effects of punching have been 
obtained. 

After the conclusion of the experiments it was found that, in 
the construction of the riveted joints, the pieces of plate of which 
they were made were riveted together so that whilst the strain 
on one was in the lengthway direction of the original plate, the 
strain on the other was crossway. With the exception of the 
J-inch drilled 'joint it was found that in each of the joints in 
which the plate failed it was the plate strained in the crossway 
direction which fractured. As the perforated plates were cut 
lengthway of the original plates, we cannot therefore fairly com- 
pare the stresses of the riveted joints with the stresses borne by 
the perforated plates, which might otherwise profitably have been 
done. I 



Digitized by VjOOQIC 



32 

It has been usual in some quarters when considering the 
ultimate stresses borne by riveted joints to attribute considerable 
importance to the friction between the plates caused by the force 
with which they are held toother by the rivets. Whatever value 
may justly be attached to this at the ordinary working stress, an 
inspection of the riveted joint when being tested to destruction 
effectually dispels all, idea of the ultimate stress being in the 
slightest degree affected by it, owing to the extent to which the 
joint gapes, as shown in the annexed sketch, Fig. 3. 

Fig. 8. 



It is interesting to note that the higher the stress sustained, as 
in the case of riveted joints with drilled holes, the greater amount 
of opening is observed at A. 

In the case of some 1 inch treble riveted lap joints which have 
been tested for the Board of Thide, the opening has in some cases 
been* as much as ^ inch. It is scarcely necessary to insist upon 
the fact that under such conditions the ultimate stress of the 
material either at C 'or D, where fracture occurs, cannot be in- 
creased by any amount of friction which existed at the time <Jf 
construction. 

It may not be amiss to remark that even in the case of riveted 
joints fitted with double butt straps the bending of the rivets 
causes the butt straps to open, and apparently destroys all friction 
between the plates and butt straps. 

The actual strength of the riveted joints, in terms of the per- 
centage of strength of the solid plates, can be deduced from the 
results of experiments made by Mr. Kirkaldy. It may be useful 
to compare them with the per-centage obtained by calculation by 
the usual formula. 

Per-centage of strength of plate at 1 _ P— D .^ 
joint as compared with solid plate J ~" P 

when P = Pitch of rivets in inches, and D = Diameter of rivets 
in inches. 
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Taking the difference between the values of the two first lines 
in the table we have the difference between the calculated and 
actual strength of the joint in terms of the per-centage of strength 
of the solid plate. It will be observed that with the ^ and 
^ inch joints the actual strength of the joint is in excess of the 
calculated, whether the holes be drilled, punched, or punched and 
annealed, and that the excesses are greatest in the drilled and 
least in the punched. The actual strength of the f inch drilled^ 
and punched and annealed joints, is about 4 per cent, in excess 
of the calculated strength ; but in the punched joint the actual 
strength is 2*2 per cent, less than the calculated. Whilst the 
actual and calculated strength of the 1-inch drilled and punched 
and annealed joints are very close, the actual strength of the 
1-inch punched joint is 33*6 per cent, below the calculated 
strength ; the serious nature of this fact has been abeadj referred 
to. The fact of the actual ultimate stress of the joints being in 
excess of the calculated, based upon the ultimate stress of the 
solid plate, is to bo imputed to the same causes which led to a 
similar result with the perforated plates, viz., the form of the 
plate at the holes where fracture takes place. It will be remem- 
bered that in the perforated plates the injury from punching is 
much less in the ^ and ^ inch than in the | and 1 inch plates ; 
accordingly we find that in the riveted joints \ and ^ inch thick, 
the increase in the stress due to the form of the plate at the rivet 
holes is sufficient to outweigh the injury from punching. In the 
I and 1 inch plates, on the contrary, the injury from punching' is 
considerable, and in the latter exceeds to a very great extent the 
advantage arising from the form. In the joints of each thickness 
which were punched and afterwards annealed, the excess of the 
actual stress over the calculated was in each case less than with 
the drilled. This may have arisen (1), from the annealing of the 
perforated plates being insufficient to remove the whole injury 
arising from punching ; (2), as is sometimes the case, from the 
ultimate stress of the annealed plates being reduced by the 
process of annealing; or (3), from a greater amount of metal 
being removed by the taper punched holes as compared with the 
parallel drilled holes, the loss of strength' arising from which, 
annealing cannot be expected to recover. . 

In addition to the riveted joints which broke through the 
plate at the rivet holes, and which we have been considering, four 
drilled joints i, ^, |, and 1 inch thick respectively, were however, 
arranged so that they should fail by shearing the rivets, in order 
to ascertain their shearing stress. The particulars are given on 
tables 6 and 7. Owing to each joint being of considerable width, 
and that in each case a number of rivets sheared simultaneously, 
the conditions of the experiment approximate very closely to 
those present in a marine boiler under pressure. It is only by 
the shearing of at least several rivets at one time in a well-pro- 
porticmed joint, that the correct shearing stress referred to above 
can be obtained, experience having shown that the shearing of 
a single rivet often gives fallacious results. In the following 
table are given the ultimate tensile stress per square inch of net 
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section of the drilled joints which gave way through the plate, 
and the ultimate shearing stress per square inch of the rivets in 
the other drilled joints of the same thkkness : — 



Thickness of Joint. 


Ultimate Tensile 

Stress per 

Square Inch of 

Net Section of 

Plate at Joint 

with Drilled 

Holes. 


Ultimate 

Shearing Stress 

of Rivets 

per Square 

Inch. 


Tensile Stress 
of the Rivets 


Diameter of 
Rivets. 




tons. 


tons. 


tons. 


inch. 


i inch 


35-95 


25-1 


31-2 


1 


4 » 


34 16 


25:6 


30-6 


30-46 , 


23-9 


28-6 


H 


1 »' ■ 


29*44 


24-1 


30-1 


itV 



The sheariog stress of the rivets being so much less than the 
tensile stress of the plate, renders it necessary in correctly pro- 
portioning a riveted joint to make the area of the rivets under 
shear considerably in excess of the sectional area of the plate. In 
fact in the J, ^, |, and 1 inch joints the rivet area should be 
respectively 1*43, 1'33, 1*27, and 1*22 times the net area of the 
plate between the rivets, in order that the strength of plates and 
rivets may be equal. These proportions are based upon the 
results obtained with the drilled joints. 

Table 19, giving the results of some experiments carried out 
with rivets made of steel of various qualities, shows that the 
ultimate tensile stress varies considerably. The mean ultimate 
stress of the rivets used in the riveted joints which were tested, 
differs very slightly from that of the rivets with the highest 
stress given in the table. No experiments have been made to 
ascertain the shearing stress of the rivets with the lower tensile 
stress, but if it should prove to be as much less as with the 
rivets used in the joints, care must be taken to increase the rivet 
area proportionally. 

The proper proportioning of the rivets in joints is a matter of 
very great importance, and in the construction of marine steam- 
boilers great attention has been paid to it for some years. In 
the butt joints of even iron vessels, however, much has yet to 
be done to render the proportions satisfactory, the rivet section 
being frequently much less in strength than the net section of 
the plate between them. The fact of the tensile stress of the 
steel plate exceeding the shearing stress of the steel rivets to a 
much greater degree than the tensile stress of the iron plate 
exceeds the shearing stress of the iron rivets, renders it especially 
necessary with steel to make a greater allowance for the lower 
proportional shearing stress of the rivets. 

Although in the above remarks the rivets have been spoken 
of as failing by ** shearing," this, although the usual term, does 

c 2 
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not quite correctly represent the action that takes place. When 
a lap riveted joint is subject to a severe pulling stress, the joint 
is distorted as shown in Fig. 3, the rivets instead of being at 
right angles to the line of stress occupying a more oblique 
position. As the alteration of form takes place the rivets 
lengthen, and finally give way under a force which although 
principally shearing is partly tensile. 



Respecting Results of Experiments upon Steel 
Plates to ascertain the eflTects of Bending Stress. 

Tables 9 and 17 give the results of experiments made by Mr. 
Elirkaldy to ascertain the resistance to bending of the series of 
steel plates previously referred to in this report. They were 
tested, firstly^ in the condition received, and secondly^ after 
having been heated to a cherry red and cooled suddenly in water 
at a temperature of about 80° Fahrenheit. These tests were made 
by Mr. Kirkaldy with the very great care which has characterised 
ail the experiments which he has made for the Board of Trade. 

It will be observed that at the foot of table 17 he remarks 
with reference to the plates heated to a cherry red and cooled in 
water, as follows : — " As plates are never subjected in actual 
" practice to the above treatment I have always verbally objected 
** to making such tests, and I now put my dissent on record." 
It is, of course, true that, if ordinary care be observed in the 
manipulation of steel in the ship-yard, or boiler-yard, it would 
never be heated to a cherry red and cooled in water, but the value 
of the test consists in its affording a ready means of detecting a 
slightly brittle plate, which, from having been well annealed, 
might have passed the cold bending test satisfactorily. The 
advantage of this safeguard is fully recognised by engineers and 
shipbuilders generally, as well as by the Steel Company of Scot- 
land. At the works of the latter at Newton a man is stationed by 
the shearing machine whose sole duty it is to take a portion of a 
shearing from each plate, heat it to a cherry red, cool it suddenly 
in water, and then bend it, the plate being rejected if the test is 
not satisfiftctory. The experience of the Company has evidently 
shown them that if the result of the test is not satisfactory, the 
plate, although it might stand the bending test without the heating 
and cooling as above, cannot be depended upon to have the neces- 
sary ductility to enable it to bear the treatment it may receive 
whilst being worked into a ship or boiler. 

The plates experimented upon were of the nominal thickness 
of \y i» |> ancl 1 inch. The specimens were all planed exactly 
2*5 inches wide and placed upon supports 10 inches apart. The 
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testifig was done in Mr. Kirkaldj's testing machine, the stress 
being applied at the centre of the strips by means of a ram, 

shaped thus ^gd at the end, moved very slowly by hydraulic 
power. 

The strips having been bent by the above method to the shape 
in the figure they were further bent by being compressed in the 




machine as shown by the arrows. The bending was continued 
in each case until the specimen was bent through an angle of 
180° and closed over a bar twice the thickness of the plate, unless 
it racked or broke before that stage. 

As the plates were bent by a stress applied at the centre they 
were thus in the position of beams supported at the ends and 
loaded af the centre. It is usually considered that the stress in 
such cases varies as the square of the depth, or in this case the 
thickness of the plate. In the following table a comparison is 
made between the mean actual ultimate stresses given in table 9 
for the lengthway strips and the stresses calculated upon the 
above hypothesis, taking the J-inch plate as the, basis of com- 
parison : — 



Nominal Thick- 
ness of Plate. 


Actual Ultimate 
Stress. 


Calculated Stress 

to vary as the Square 
of the Thickness. 


Difference between 
the Actual and 
Calculated Stress. 


i inch 
1 


lbs. 

1,124 

4,370 

10,766 

17,730 


lbs: 

1,124 

5,063 

11,102 

18,538 


lbs. per cent. 

nil nil. 
693 = 15-8 
336= 3-1 
808= 4-5 



It will seen from the above that the stresses vary very nearly 
as the square of the thickness, the only deviation therefrom of 
any practical moment being in the case of the ^-inch plates, in 
which the mean actual stress is lo*8 per cent, less than the calcu- 
lated stress. 
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The following table gives tlie mean stresses borne by the 
lengthwaj and cross way specimens tested in the same condition 
as received : — 



Nominal Thickness 
of Plate. 


Ultimate Stress. 


Lengthway 

as 
received. 


Crossway 

as 
received. 


Difference in 

favour of 
Lengthway. 


DifEerence in 
favour of 
Crossway. 




lbs. 


lbs. 


lbs. percent. 


lbs. percent. 


^ inch - 

— » " 

4 » " 
1 „ - 


1,124 

4,370 

10,766 

17,730 


1,092 

4,438 

11,145 

17,350 


32 = 2-8 

380 = 2-1 
Mean 2-45 


68 = 1-5 
379 = 3-5 

Mean 2- 



The mean results are thus very nearly equal, the stresses of 
the i and 1 inch plates being in favour of the lengthway and of 
the I and J inch in favour of the crossway. 

In the following table a comparison is made between the 
stresses borne by the lengthway and crossway specimens tested 
in the condition received, and also after having been heated to 
a cherry red and cooled in water : — 



p 


Ultimate Stress. 


Lengthway 

as 
received. 


Lengthway 

Heated 

and 

Cooled in 
Water. 


Increase of 

Eesistance due 

to Heating 

and Cooling. 


Crossway 

as 
received. 


Crossway 

Heated 

and 

Cooled in 
Water. 


Increase of 

Resistance due 

to Heating 

and Cooling. 


inch. 
1 


lbs. 

1,124 

4,370 

10,766 

17,730 


lbs. 

1,145 

4,573 

11,908 

• 19,742 


lbs. percent. 

21= 1-8 

203 =4-6 

1142 = 10-6 

2102 = 11-3 

mean 7 - , 


lbs. 

1,092 

4,438 

11,145 

17,3.50 


lbs. 

1,117 

4,563 

11,974 

20,366 


lbs. percent. 

25= 2-2 

125= 2-8 

829= 7-4 

3016 = 17-3 

mean 7*4 



It thus appears that after being tempered as above the stresses 
required to bend the lengthway specimens J, ^, |, and 1-inch 
thick are increased 1 • 8, 4 • 6, 10*6, and 11 '3 per cent, respec- 
tively, and for the crossway specimens 2'2, 2 '8, 7*4, and 17*3 
per cent, respectively, the total mean increase for the lengthway 
and crossway specimens being thus 7*0 and 7*4 per cent, 
respectively. 

Respecting the specimens tested in the same condition as 
received, better results, as regards the angles to which they could 
be bent, were obtained with the lengthway than with the cross- 
way, one of the former, however, ^-inch thick, cracked slightly 
when bent to an angle of 180^, and one f-inch thick broke at an 
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angle of 140°, the remainder were uninjured bj the test. Of 
the cross way specimens, only two witl^stood the test uninjured, 
the others did not give way until bent to a considerable angle. 
These results prove thai the lengthway strips bear bending better 
than the crossway ; the fact is worthy of attention since it has 
been shown in a pre\dous section that the mean contraction of 
area at fracture of the steel plates, I, ^, |, and 1-inch thick 
lengthway and crossway, are respectively 49 '1 and 40*3 per 
cent. The difference is not very great, but would appear to 
account for the better results obtained with the lengthway strips. 

Of the specimens which were heated to a cherry red and cooled 
in water, three only of the lengthway (two of them ^ and one ^ 
inch thick) bore bending to 180® without injury. As might have 
been expected from the previous results, the ability of the lengths- 
way strips to bear bending being injuriously affected by their being 
heated and cooled in water, this effect was much more marked in 
the case of the crossway specimens. None of the latter which 
had been heated to a cherry red and cooled in water bore the 
bending tests without injury. 

The results of the bending test in tables 9 and 17 as regards 
the angles to which the plates bent without injury cannot be 
regarded as coming up ^ the high standard which the Steel 
Company of Scotland claim for their steel. Upon receiving the 
results of these experiments they stated that they did not regard 
them as- satisfactory, as they were far from being equal to the 
results daily obtained with a large number of strips tested at 
their works, and they expressed a desire that a visit should 
be paid there in order that the results of the bending and 
tempering tests as carried out by themselves might be witnessed. 
This was accordingly done, the tempering and bending oi all 
specimens so treated were witnessed, the specimens being heated 
to a cherry red and cooled suddenly in water at a temperature 
of about 80° Fahrenheit. The system adopted by Mr. Kirkaldy 
in bendin;j^ the strips has already been described. The Steel 
Company of Scotland adopt a different plan, the plates being 
first bent by a swage of large curvature in the apparatus shown 
in Fig. I or 2, Plate 1, and afterwards bent double by light blows 
from a steam hammer. 

In the Appendix will be found the particulars of the tests 
carried out ; only the results of testing the specimens which were 
planed out of the plates, and with the edges left sharp, can 
fairly be compared with those tested by Mr. Kirkaldy. Some 
planed specimens with the edges slightly rounded were tested as a 
matter of scientific interest, in order to show the greater closeness 
to which they could be bent, than when the edges were left sharp. 
Other pieces which were sheared from the plate were tested in 
order to show the ability of the steel to stand bending when so 
treated, in accordance with the usual plan at the works. A 
reference to the particulars of the tests will, it is thought, be con- 
vincing that the material when bent in the apparatus used by 
the Steel Company of Scotland will stand bending better than as 
shown by Tables 9 and 17. 
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The care bestowed by Mr. Kirkaldj in ieBting is always so great 
as to preclude all idea of the specimens being unfairly treated 
either in heating, or bending, so that there is apparently no other 
explanation than that the plan adopted by the Steel Company of 
Scotland for bending specimens by the swage and hammer, can 
be made more lenient to the material than that adopted by Mr. 
Kirkaldy. It may, indeed, be stated that since these experimenta 
were made additional confirmation has been given in other quarters 
of the truth of this fact. 

There can be no doubt that Mr. Kirkaldy's system of bending 
is scientifically the more accurate, and admits of so much greater 
regularity of treatment that it is much to be preferred generally^ 
us all that uncertainty is obviated which must exist with the other 
method, respecting the heaviness of the blows struck. 

Some interesting bending tests were also made of ships' angles, 
two of them steel and two iron ; the full particulars will be found 
in the Appendix numbered 142 to 145. In the first experiment 
on one of the steel angles it was first flattened out under the steam 
hammer, then gripped between the hammer and anvil and bent 
double. In the second experiment the steel angle was flattened 
out in the same way as the first, and then bent back on to the 
ridge. In the third experiment-, which lyis with an iron angle, it 
showed signs of cracking when it had opened out ^ inch, and 
finally gave way suddenly the whole length. In the fourth experi* 
ment the iron angle gave way suddenly the whole length when at- 
tempting to flatten it. The results showed the great superiority 
of the steel angles as compared with iron angles under the abo^e 
treatment. 

In order that the bending of the steel plate might be ccnnpared 
with that of iron, 48 iron specimens were tested in a similar way* 
They were cut from plates of six different brands, about half the 
number being sheared from the plates, and the remainder planed* 
The particulars of the experiments are given in the Appendix, 
and abundantly prove the great superiority of the steel plates 
over the iron ones for bending. The injurious eflects of shearing 
the specimens off the plates as compared with planing is clearly 
shown by the earlier fractures when bent. 

In addition to the bending and tempering tests referred to, the 
Steel Company of Scotland carried out some experiments to as- 
certain the effect of heating steel plates to the temperature of 
boiling tallow, and bending them in that condition. For purposes 
of comparison pieces were planed from the Bame plates and bent 
cold. The particulars of the experiments, all of which were wit-^ 
nessed, will be found in the Appendix ; the specimens were num- 
bered 160 to 201, and consisted of plates from ^ to 1 inch thick* 

They were all bent in the apparatus. Pig. 2, Plate I, and furthw" 
bent and finally closed under the steam hammer. Of those bent 
cold all but three, which cracked slightly when the prescribed 
test was reached or exceeded, bore the operation without injury^ 
but all which were bent when heated to the temperature of boiling 
tallow cracked or broke. These experiments illustrate forcibly 
the injurious results of working steel plates at the above tempe- 
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rature. The same effects, it may: be stated, have been observed 
with iron, as well as with the steel made by other manufacturers 
when similarly treated. The matter is of great importance in the 
usual operations of the shipbuilder and engineer, and may doubt- 
less account for cases of unexpected fracture, owing to such metal& 
having been injured by being worked at temperatures which 
caused a reduction in their strength or ductility. 

The plates of superheaters, when enclosed wholly or partly in 
the uptakes, are often heated to a temperature equal or exceeding 
that which has been found to affect the steel so prejudicially, and 
in the absence of a full series of expenments to ascertain the 
exact loss of the tensile or crushing resistance, it is prudent either 
to dispense with such structures; or efficiently protect them by 
shield plates from the contact of flame or hot gases. 

There is no branch of experimental inquiry into the properties 
of steel and iron which better merits attention than the effect of 
different temperatures upon their mechanical properties, and it is 
much to be desired that a set of experiments at temperatures 
ranging from the ordinary temperature of the atmosphere up to 
about 1,000° Fahrenheit, were carried out by the different manu- 
facturers interested in the manufacture and application of steel 
and iron. Indeed, until this is done those charged with the 
designing or supervision of machinery will always have doubts of 
the suitability of steel when its temperature is liable to become 
moderately high. 



Eespecting the Results of Experiments made upon 
Steel Plates to ascertain the effects of Bulging 
Stress ; Also the Effects of Drifting. 

Table 10 contains the results of experiments made by Mr. 
Kirkaldy to ascertain the effects of bulging stress upon steel 
plates. The object of these experiments was chiefly to ascertain 
the behaviour of the steel when subject to the strain it would re- 
ceive under the circumstances of a vessel taking the ground and 
resting upon a stone or point of rock. The specimens, of which 
two of each thickness were tested, consisted of discs 12 inches 
diameter which were pressed into apertures 10 inches diameter. 
The mean force required in the case of the \, ^, and | inch plates 
were 84,335 lbs., 187,055 lbs., and 338,225 lbs. respectively. 

The bulging stresses of the ^ and J inch steel plates vary 
nearly directly as the thickness, but with the |-inch plates the 
stress increased at a mdre rapid rate. All the ^ and ^ inch discs 
borethe bulging without injury, but the |-inch discs cracked. 

Pour additional experiments were made at the works of the Steel 
Company of Scotland, in order further to illustrate the capability 
of this steel to sustain bulging, and to compare with the behaviour 
of iron when similarly treated. The particulars of the experiments 
are given in the Appendix numbered 138 to 141. The plates. 
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four in number, were 10^ inches diameter, two being steel and 
two iron. They were forced into a ring 7f inches diameter by- 
means of a steam hammer and punch, as shown in Fig. 3, Plate 1. 
In the case of the steel discs they were dished to a depth of 3 J 
inches without injury, whilst the iron plates broke badly when 
dished 2 inches and 2^ inches respectively. 

Reference may appropriately be made here to the behaviour of 
a steel and iron plate when subject to explosive force. Fig. 1, 
Plate 2, is a sketch of a steel plate flinch thick, upon which 
were exploded five cartridges of dynamite weighing in all. 13 ozs., 
and which although bulged at the centre to a depth of about 
11 inches showed no signs of cracking. Fig. 3, is a sketch of an 

iron plate, branded* " best " upon which were exploded 

three dynamite cartridges, which caused the effects shown. The 
entire destruction of the iron plate with a charge of three fifths 
of that which was borne without cracking by the steel plate 
indicates very clearly the inferiority of the iron plate when sub- 
jected to a test of this character. 



In the Appendix will be found some very interesting experi- 
ments made at the works of the Steel Company of Scotland, in 
order to ascertain the effects of drifting. Plate 3 shows the taper 
of the six drifts employed. In the centre of each piece of plate 
experimented upon was a |-inch hole, which was either drilled, 
punched, or punched and afterwards bored out to 1 inch. 

The particulars of the experiments are given in the Appendix 
numbered 146 to 1 59, by which it will be seen that no cracks 
appeared until a very considerable enlargement of the holes had 
taken place. Cracks appeared earlier in the punched plates than 
in those drilled, although the difference was not so grea-t as might 
perhaps have been anticipated. 

Six pieces of iron plate the same size and thickness, in each of 
which was a |-inch hole, were also experimented with. The 
holes were respectively drilled, punched, and punched Hnd after- 
wards bored to 1 inch in one specimen of each thickness. It is not 
fair to compare the effects of drifting in the f -inch plate as no 
steel plates of that thickness were experimented with, but in the 
case of the ^-inch plate it was found that upon the application of 
the drift the plate cracked with a very much smaller increase in 
the size of hole than occurred with the steel plates. The injurious 
effects of drifting upon iron plates, long known to engineers and 
shipbuilders, has led to the most careful and well-informed for- 
bidding its use. The fact of this steel bearing the application of 
the drift to a much greater extent than iron without cracking, is 
no doubt a valuable property, but the use pf the drift in ship and 
boiler work should none the less be rigidly prohibited. The 
experiments which have been made upon the tensile strength and 
elongation of the steel when punched have shown the thicker 
plates to suffer considerably. To what extent the tensile strength 
of the steel may be further reduced by the action of the drift is a 

♦ This is a Glasgow brand. 
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very appropriate subject Tor further experimental inquiry, but 
judging from what is known of the properties of mild steel 
generally, the use of the drift should as with iron be forbidden. 



RespeJcting the Results of Testing by Hydraulic Pressure 
Boxes made of Steel Plate, representing the Flat Surfaces of 
Steam Boilers. 

In addition to the experiments already referred to, it was con- 
sidered desirable to carry out a further series in order to ascertain 
the strength of steel plate under pressure, when worked into the 
flat surfaces of steam boilers, and supported in the different ways 
commonly adopted. The Steel Company of Scotland very 
liberally consented to defray the additional expense of making 
and testing eight experimental boxes made to represent (Ij, the flat 
surfaces of combustion chambers, having the stays screwed 
through the plates and ihe ends riveted over to form substantial 
heads ; (2), the flat surfaces of combustion chambers having the 
stays screwed through the plates and fitted with nuts on the 
outside; (3), the ends of boilers in the steam space, the stays 
being fastened to the plate by nuts on each side; and (4), the 
same as No. 3, but the plate in way of the stays strengthened by 
large plate washers riveted on, the stays passing thi'ough the 
centre. The construction and details of the different boxes, 
together with sketches showing the appearances of the plates after 
the experiments, are given in plates 4, 5, 6, 7, and 8. The boxes 
in series 1 and 2 were made by the Hamilton's Windsor Iron- 
works Company, Grarston. They were constructed of steel plates 
of the nominal thickness ^, |, and ^ inch, but the actual thicknesses 
were ^, ^, and J inch. The backs of the boxes were formed 
of wrought iron plate 1 inch thick, and the frames were of cast 
iron. The plates were supported by 16 stays spaced 8 inches 
apart each way, this large number being adopted in order that the 
bulges and permanent sets might be obtained of portions of plate 
unaffected by tiie sides of the boxes. The stays were of iron 
1^ inches diameter, and screwed twelve threads to the inch. 

In the construction of these experimental boxes in series 1 and 
2, and in carrying out the experiments with them, there was 
afforded the very valuable co-operation of Mr. Sharrock, manager 
of the Hamilton's Windsor Ironworks, and formerly assistant 
manager to the late Sir William Fairbairn. 

Four strips, two lengthway and two crossway, were cut from 
each plate and tested by Mr. Kirkaldy for tensile strength and 
elongation ; the results are given in Table 12. The mean ulti- 
mate tensile strength lengthway of the ^\, ^f , and ^ inch plates 
being found to be respectively 30 '65, ^9 '5, and 29*4 tons ; and 
crossway 3()' 15, 29*25, and 28 '75 tons per square inch. The 
elongation lengthway in 10 inches — 23*5, 28*7, and 27*5 per 
cent., and crossway 18*7, 23*35, and 27*2 per cent. These 
results show the material to be similar in character to the plates 
used in the experiments already dealt with, but rather harder than 
IS usually employed in the construction of combustion chambers. 
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Whilst under test the boxes were placed on their edges, and at 
about 2 inches from the surface of the plate a flat bar was fixed 
across the centre of the box, with its ends resting on the planed 
surface of the cast-iron frame. Three movable gauges F shaped 
in section, with a slot in one flange, were each connected to the 
crossbar opposite the centres of the spaces marked B, E, and H, 
bj a couple of studs, which allowed the gauges to move freely end- 
ways. One flange was used for recording the bulges, and the 
other the permanent sets. 

The pressures were indicated by two high-pressure gauges 
specially made for this department by Messrs. John Dewrance 
and Co., Great Dover Street, London. 

Before the commtncement of the experiment a zero or base 
line, from which the bulges and permanent sets were respectively 
measured, was marked on each side of the gauge in line with the 
outer edge of the crossbar. The pressure was slowly and steadily 
applied by a force pump, and at each increase of pressure of 
25 lbs. or 50 lbs. per square inch, the pumping was stopped, and 
tiie bulge of the plate recorded by a line drawn on the gauges 
with the point of a sharp knife. The pressure having been 
allowed to remain on for about two minutes, it was then lowered 
to zero, the gauges pushed back against the plate, and the perma- 
nent sets marked in a similar way to the bulges. This plan was 
carried out until the conclusion of the experiments. 

The boxes with the riveted stays were first tested. The 
following table gives tlie particulars obtained with the ^-inch 
box, as recorded in the manner described : — 



ExPEBDCBNTAL Box No. 1. Plate 4. 

Results of Testing, by Hydraulic Pressube a Box made of ^-inch Steel 
Plate supported by fine-threaded Stays 1^ inches diameter screwed 
into the Plate and riveted over. Stays spaced 8 inches x 8 inches. 



Pres- 
sure 


Bulge. 


Permanent Set. 


• Remarks. 


Point 
B. 


Point 
E. 


Point 
H. 


Point 
B. 


Point 
E 


Pomt 
H. 


Lbs. 

50 
100 
160 
200 
250 
800 
350 


Inch. 

•015 

•03 

•05 

•06 

•10 

•33 


Inch. 

•015 

•08 

•04 

•05 

•09 

•42 


Inch. 

•015 

•03 

•05 

•06 

•09 

•32 


Inch. 

» 

if 

•005 

•025 

•26 


Inch. 

Nil 
» 

•005 
•025 
•85 

» — 


Inch. 
Nil 
» 

ty 

•005 
•015 
•22 


At 300 lbs. sounds from inside of 
box like woodcrackmg. After 
pressure was reduced found the 
heads of four stays cracked, and 
radial lines at plate round stays. 

At 350 lbs., after keeping pressure 
on for half a minute, the riveted 
heads of stay*, Nos. 6, 7, 10, and 
11 broke oflf with a loud report, 
and the plate was forced away 
from the stays. All the other 
stay beads except the comer ones 
cracked. 
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A bulge unaccompanied by permanent set was observed at 
^ lbs. per square inch, and it increased at a comparatively 
uniform rate with the increase in the pressure until 200 lbs. was 
applied, when a slight permanent set was recorded. Above this, 
the bulges and permanent sets increased at a much more rapid 
rate than the increments of pressure, especially above 250 lbs., 
until at 350 lbs. per square inch the box gave way with a loud 
report, as described in the column of remarks. 

The box in this case failed in a similar manner to some wrought- 
iron experimental boxes which were tested in London about six 
years ago for the information of the Board of Trade staff ; the 
stretching of the plate being concentrated near the stay holes, 
reduced the hold of the plate on the threads of the stays, and 
caused a greatly increased strain upon the riveted heads, which, 
being insufficient to sustain it, broke off, the plate slipping off the 
stays, the threads of stay and hole being almost uninjured. 

The following table gives the particulars of bulges and perma- 
nent sets of the ^-inch box with riveted stays : — 

ExFEBiMENTAL Box No. 2. Plate 4. 

Results of Testing by Hydraulic Pressure a Box made of ^-inch Ste^l 
Plate supported by fine-threaded Stays 1^ inches diameter screwcKl 
into the Plate and riveted over. Stays spaced 8 inches x 8 inches. 



Pres- 




Bulge. 




Permanent Set. 




sure 










Kemarks. 














per 
Sq.In. 


Point 


Point 


Point 


Point 


Point 


Point 




B. 


E. 


H. 


B. 


£. 


H. 




libs. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 




25 


•005 


•005 


•005 


NU 


Nil 


Nil 


At 375 lbs. cracking sounds from 


75 


•01 


•01 


•01 


» 


y» 


f> 


mside box. 


125 


•015 


•015 


•015 


» 


» 


>» 


At 425 lbs. cracking sounds much 


175 


•025 


•020 


•020 


» 


»t 


» 


increased. 


225 


•035 


•025 


•03 


»> 


f> 


ft 


At 475 lbs. four centre stay heads 


275 


•04 


•03 


•035 


» 


» 


»f 


practically cracked through. 


325 


•05 


•035 


•04 


•005 


•005 


•005 


At 495 lbs. the head of No. 7 stay 


375 


•07 


•04 


•06 


•025 


•025 


•02 


flew off, and the plate slipped 


425 


•10 


•07 


•08 


•05 


•06 


•04 


over the stay. The heads of the 


475 


•38 


•12 


•30 


•35 


•47 


•24 


other three centre stays prac- 


495 


" 


"" 


^"^ 


~~ 


~^ 


~~ 


tically broken through. 



In this case also a slight bulge was observed at a very low 
pressure. It was found, as in the previous experiment, that the 
bulges increased at a comparatively uniform rate until a perma- 
nent set was recorded, which was at 325 lbs. per square inch. 
Above this pressure both increased rapidly until a large increase 
in the permanent set took place at 475 lbs. per square inch, the 
box giving way with a further additional pressure of 20 lbs. per 
square inch by the riveted head of one of the centre stays breaking 
oflT, and the plate slipping over the stay end. The riveted heads 
of the other centre stays were also practically destroyed. The 
particulars of the experiment with the ^-inch box with riveted 
stays are next given. 
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ExpebimjLNTal Box No. 3. Plate 4. 

Results of Testing by Hydraulic Pressure a Box made of ^-inch Steel 
Plate supported by line-threaded Stays 1^ inches diameter screwed 
into the Plate and riveted over. Stays spaced 8 inches x 8 inches. 



Pres- 
sure 
per 
Sq.In. 


Bulge. 


Permanent Set. 


Kemarks. 


Point 
B. 


Point Point 
E. H. 


Point 
B. 


Point 
E. 


Point 


Lbs. 

50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
•550 
600 
650 
700 
740 


Inch. 

Nil. 

•005 

•010 

•010 

•015 

•015 

•020 

•025 

•035 

•04 

•045 

•05 

•08 

•31 


Inch. 

Nil 

•005 

•010 

•015 

•020 

•025 

•027 

•030 

•035 

•04 

•045 

•05 

•08 

•86 


Inch. 

Nil 

•005 

•010 

•010 

•015 

•015 

•020 

•025 

•080 

•035 

•04 

•05 

•08 

•20 


Inch. 

Nil 
>» 
if 
» 

» 

tf 
J> 
» 

•005 
•02 
•04 
•27 


Inch. 
Nil 

•005 
•03 
•06 
•35 


Inch. 
Nil 

n 
ft 

» 

» 
•005 
•025 
•045 
•16 


At 640 lbs. cracking sounds from 
inside box. 

At 700 lbs. stay heads Nos. 3 and 
6 slightly cracked ; No. 7 much 
cracked. 

At 740 lbs. the head of No. 7 stay 
broke off, and the plate slipped 
over the stay end ; head of No. 6 
stay cracked all round, and those 
of Nos. 10 and 11 slightiy 
cracked. 



The ^-inch box thus gave way in a similar way to the ^ and 
^-inch, by the stretching of the plate at the centre stays. The 
riveting of the centre stays gave way first, owing to the bulging of 
the plate in their vicinity being greater than at other parts where 
affected by the support afforded by the sides of the box. It is 
this fact which necessitates the fitting of a considerable number of 
stays in these experimental boxes, in order that the conditions 
under pressure may be the same as in the combustion chamber of 
a boiler, in which there are usually a large number of stays. In 
cases where this has not been recognised, and a small number of 
stays only fitted in experimental boxes, the results of the experi- - 
ments have not been entirely satisfactory, the bursting pressure 
appearing to be higher than would occur with a combustion 
chamber of the same thickness and similarly stayed. 

The pressures at which the ^, ^, and ^inch boxes failed are 
350 lbs., 495 lbs., and 740 lbs. respectively, but from the previous 
rapid increase in the bulges and permanent sets it is evident that 
the plates were practically hors de combat at much less than the 
bursting pressures. 

As it is desirable to make a comparison not only between the 
pressures at which the boxes burst, but also between those at 
which the elastic limit was reached, curves have been constructed 
(see Plate 9) showing the permanent sets at the different pres- 
sures. Referring to these cui^ves, and also the particulars of the 
bulges and permanent sets given in the tables, it will be seen that 
they increase at a comparatively uniform rate until a pressure is 
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reached at which they are found to increase much more rapidly. 
This point may he regarded as the elastic limit, or if not the 
elastic limit it affords a fair position for comparison. 

The second series of experiments respecting the strength of flat 
sur&ces was made with three hoxes constructed of steel plates, ^, 
^1, and J inch thick, supported by stays spaced 8 inches apart each 
way, screwed into the plate and secured by nuts on the outside. 

The following are the results obtained with the ^-inch box :— 

ExPEBTMENTAL Box No. 4, Plate 5. 
Results of Testing by Hydraulic Pbessurb a Box made of ^y-inch Steel 
Plate supported by fine-threaded Stays 1^ inches diameter, screwed 
into the Plate and fitted with nuts on the outside. Stays spaced 
8 inches x 8 inches. 



Pres- 
sure 


Bulge. 


Permanent Set. 


of stays. 


Itemarks. 


1 ( 


















Point 
B. 


Point 


Point 
H. 


Point 
B. 


Point 
E. 


Point 
H. 


No. 
6. 


No. 

7. 


No. 
10. 


No. 
11. 




Lbs. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


f 
Inch. 


Inch. 


Inch. 


Inch. 


Inch. 




50 


•01 


•01 


•01 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


'Nil 




100 


•03 


•03 


•03 


,, 


»» 


if 


f» 


„ 


„ 


„ 




150 


•05 


•05 


•05 


„ 


„ 


„ 


„ 


n 


„ 


»» 




200 


•06 


•06 


•06 


•03- 


•02 


•03 


„ 


„ 


»» 


„ 




250 


•10 


•10 


•10 


•04 


•04 


•04 


„ 


„ 


»» 


„ 




300 


•15 


•15 


•15 


•08 


•09 


•08 


„ 


„ 


»» 


»» 




350 
400 


•25 
•36 


•25 
•35 


•24 
•34 


•17 

•28 


•19 
•29 


•16 
•27 


M 


'* 


** 


»* 


At 350 lbs. phito began to 
show radial lines round 
the stays. 


450 


•43 


•41 


•42 


•36 


•37 


•36 


»» 


„ 


»> 


„ 




500 


•49 


'46 


•48 


•43 


•43 


•42 


„ 


» 


„ 


„ 




650 


•54 


•50 


•63 


•48 


•48 


•49 




»• 


„ 


„ 




600 
650 
700 


•59 
•68 

•68 


•55 
•59 
•65 


•58 
•62 
•67 


•54 
•59 
•62 


•53 
•66 
•60 


•54 
•58 
•62 


" 


" 


« 


- 


600 lbs.— First leak at stays 
perceived. 

660 lbs.— Oonsiderable leak 
at joint. 

700 Ibs.-Stays Nos. 6, 7,10, 
11, leaking badly. Obliged 
to tighten up stays at this 


750 
760 

800 


•74 
•74 

•75 


•68 
•68 

•71 


•73 
•73 

•76 


not 

taken 

•74 

•75 


not 

taken 

•69 

•70 


not 

taken 

•73 

•75 


»» 




» 


>» 


pressure. 

750 lbs.— Joint very leaky. 
Joint remade with iam 
nuts at back. Sets taken 
with 400 lbs. pressure per 
square inch on box durmg 
remainder of experiment. 


850 


•77 


•73 


•78 


•77 


•74 


•78 


•015 


•015 


•05 


•03 




900 


•83 


•80 


•84 


•83 


•79 


•84 


•05 


•015 


•06 


•05 




950 

980 


•87 

not 
taken 


•87 

not 
taken 


•88 
•93 


•87 

not 
taken 


•86 

not 
taken 


•88 
•90 


not 

taken 

•05 


not 

taken 

•03 


not 

taken 

•06 


not 

taken 

•05 


980 lbs.— Plate cracked at 
No. 7 stay. 


A 
A 
A 
A 
A 
A 


1 750 lbs. per square 
1 980 lbs. . „ 
1 760 lbs. 
1 980 lbs. 
1 760 lbs. 
1 980 lbs. 


inch. 


itayho 

n 


lesNo 


J. 1, 
2 3,' 6 


4, 13. 16, ] 
8,9,12,14,1 

r,"io,"ii. 


E)ermanently enlarged A inch. 

» M ih inch. 

% » » linch. 

I inch. 

A inch. 

„ T^inch. 
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The Table shows that a permanent set was observed at the 
same pressure as with the ^j^inch box with riveted stays, and that 
the plate was heavily strained at 350 lbs. per square inch. Upon 
the pressure being allowed to fall to zero after the application of 
750 lbs. pressure that the permanent set might be ascertained, the 
plate sprung back from the nut, it having stretched so much afc the 
stay holes as to allow it to pass over the threads of the stays. Upon 
again applying the pressure the pump could not overcome the 
l^age and force the plate up against the nuts. For all practical 
purposes the box at this stage, and even earlier, was hors de combat 
in consequence of the stretching of the plate at the stay holes, but 
as it was very important to ascertain whether it was possible to 
crack the plate the joint was re-made with jam nuts on the stays 
at the back of the plates, and the pressure was again applied, the 
box ultimately failing at a pressure of 980 lbs. per square inch by 
the plate cracking at one of the« centre stays. During the latter 
part of the experiment the continued stretching of the plate at the 
stay holes, and the leakage at the stays when the pressure was re- 
duced, rendered it necessary, in order to obviate the re-making of 
the joint, after every increment of pressure, to t^e the permanent 
sets with a pressure of 400 lbs. per square inch on the box. 

At the higher pressures there was a perceptible lengthening of 
the centre stays as recorded in the table, the permanent sets 
should therefore be reduced by about the meai; of the extensions 
given. At the bottom of the table the extent to which the stay 
holes increased in size is given at pressures of 750 lbs. and 980 lbs. 
per square inch. The results are interesting as confirming what 
has been remarked respecting the greater bulging of the plate at 
the centre. The stay holes which are least enlarged are, as might 
be anticipated, those at the comers of the box. 

The following tables contain the results of testing the ^ and ^ 
inch boxes having the stays screwed through the plates and fitted 
with nuts on the outside ; — 
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Experimental Box No. 5. Plate 5. 

Results of Testing by Hydraulic Pressure a Box made of ^mch Steel 
Plate, supported by fine- threaded Stays 14 inches diameter, screwed 
into the Plate and fitted with nuts on the outside. Stays spaced 
8 inches x 8 inches. 



II 


Bulge. Permanent Set. Permiment^Leni^^^^^ 


Bemaiks. 




" 


1 




1 








S 9 


Point 
B. 


Point 
E. 


Point Point 
H. 1 B. 


Point 
E. 


Point No. 

H. 1 6 


No. 
7. 


No. 
10. 


No. 
11. 




Lbs. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


• 


60 


NU 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 




100 


•006 


„ 


»» 


»» 


„ 


„ 


»» 


it 


M 


u 




160 


•01 


•006 


•01 


„ 


** 


n 


„ 


,» 


W 


„ 




200 


•02 


•01 


•02 


»» 


„ 


„ 


„ 


„ 


»» 


»» 




250 


•03 


•02 


•03 


„ 


„ 


»» 


„ 


w 


M 


»» 




300 


•04 


•08 


•04 


•01 


•01 


•01 


M 


„ 


n 


» 




860 


•06 


•06 


•06 


•02 


•02 


•02 


»» 


u 


„ 


„ 




400 


•10 


•09 


•09 


•04 


•06 


•04 


„ 


M 


»» 


„ 




460 


•14 


•16 


•18 


•08 


•10 


•08 


>» 


M 


M 


n 




600 


•24 


•23 


•23 


•18 


•20 


•17 


» 


n 


*• 


„ 




650 
600 


•88 
•41 


•32 
•37 


•82 

•40 


•28 
•37 


•29 
•36 


•27 
•36 


» 


M 


t* 
»» 


i* 


660 Ibfl.-Radial lines 
round stays on plate. 


650 


•47 


•44 


•48 


•44 


•42 


•43 


„ 


„ 


„ 


M 




700 


•65 


•40 


•54 


•61 


•49 


•60 


»» 


„ 


•016 


»* 




760 


•69 


•62 


•66 


•64 


'61 


•64 


»» 


*» 


•016 


„ 




800 


•62 


•66 


•61 


•69 


•65 


'69 


•015 


•016 


•08 


M 




850 


•67 


•60 


•66 


•64 


•69 


•64 


•016 


•03 


•06 


•016 




900 


•72 


•66 


•71 


•68 


•64 


•69 


•05 


•05 


•06 


•06 




950 
1000 


•77 
•83 


•69 
•76 


•76 

•82 


•73 
•79 


•70 
•76 


•74 
•79 


not 
taken 

•09 


not 
taken 

•22 


not 
taken 

•12 


not 
taken 

•06 


9601b8.-After the prassuro 
was taken off, leaks wero 
found at all the stay nuts. 


1060 
1060 


•86 


•80 


•86 


not 
taken 


not 
taken 


not 
taken 


not 
taken 


not 
taken 


not 
taken 


not 
taken 


1,060 lbs.-Could not get 
this pressure on ow^ to 
leakage at stays. Joint re- 
made, and stays re-grum-. 


1100 


•87 


•84 


•86 


M 


M 


»» 


t» 


M 


$» 


t» 




1160 


•93 


•89 


•92 


M 


*( 


»» 


»» 


„ 


n 


M 




1200 






















l,200lbs.-*Withthisimfl. 
jure, steys Nos. 6. 7. 10, and 
12 broke off under nuts. 
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Experimental Box No. 6. Plate 5. 

^Results of Testing by Htdbaulic Pressure a Box made of ^-inch Steel 
Plate supported by fine-threaded Stays 1^ inches diameter screwed 
into the Plate and fitted with Nuts on the outside. Stays spaced 
8 inches x 8 inches. 



Pres- 


Bulge. 


Pennanent Set 




sure 










Remarks. 














per 
Sq. Id. 


Point 


Pomt 


Point 


Point 


Point 


Point 




B. 


E. 


H. 


B. 


B. 


H. 




Lbs: 


Inch. 


Inch. 


Inch. 


inch. 


Inch. 


Inch. 




25 


Nil 


Nil 


Nil 


Nil 


NU 


Na 




100 


>t 


» 


>» 


» 


w 


» 




200 


99 


99 


» 


» 


» 


» 




250 


>» 


» 


» 


»> 


» 


» 




300 


» 


» 


99 


99 


9* 


» 




350 


t» 


>» 


M 


» 


» 


99 




400 


99 


» 


»r 


99 


W 


9* 




450 


•01 


•01 


•01 


» 


» 


» 




500 


•04 


•04 


•03 


» 


» 


» 




550 


•06 


•05 


•04 


•01 


•01 


•01 




600 


•06 


•06 


•06 


•03 


•03 


•03 




650 


•08 


•08 


•08 


•04 


•06 


•05 




TOO 


•13 


•13 


•13 


•08 


•10 


•08 




760 


•19 


•18 


•15 


•13 


•16 


•14 




800 


•26 


•27 


•23 


•20 


•23 


•21 


800 lbs.— Began to leak at stays 


850 


•32 


•33 


•80 


•27 


•30 


•27 


and at joint. 


900 


•38 


•40 


•88 


•3i 


•39 


•35 


850 lbs.— Leak gradually increas- 


960 


•42 


•44 


•41 


'Sf 


•42 


•37 


ing. 


1,000 


•48 


•50 


•47 


•42 


•47 


•42 


900 lbs. — ^Leak increasing. 


1,050 


•63 


•55 


•58 


*49 


•64 


•49 


950 lbs.— Tightened and caulked 


1,080 


not 


not 


not 


not 


not 


not 


joint, but still leaky. 




taken 


taken 


taken 


taken 


taken 


taken 


1,000 lbs.— Leak much increased. 


1,100 


•67 


•60 


•55 


•53 


•58 


.53 


1,050 lbs. — Could not get higher 


1,150 


•62 


•68 


•62 


•59 


•70 


•60 


pressure owin^ to great leakage 


1,200 


•68 


•77 


•70 


•65 


•75 


•66 


at joint and stays ; joint was 


1,260 


•78 


•87 


•80 


'72 


•82 


•78 


re-made. 


1,800 


•87 


•96 


I^IO 


•78 


•93 


•83 


1,300 lbs.— At this point stays 15 
and 16 broke and No. 12 stay 














stripped. 



The ^and /J inch boxes last tested thus gave way by the break- 
age of stays. ^ Although the plates had piactically failed from 
leakage long before the stays broke, the ultimate strength of the 
plate was undetermined. The Steel Company of Scotland had so 
liberally borne the large expense incurred in carrying out these 
and previous experiments, that a gi^eat indisposition was felt to 
request them to do any more, and the experiments would probably 
have remained unfinished had not Mr. Thomas Adams, of the 
works of the " Ant and Bee," Manchester, most liberally offered 
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to bear the expense of making and testing some additional experi- 
mental boxes. Mr. Adams' offer was gladly accepted, three ad- 
ditional experimental boxes made of steel plates, ^, ^, and ^-inch 
thick, being made and tested at his works. The stays were 
screwed into the plates and fitted with nuts on the outside. In 
the former boxes the stays were iron, 1^ inches diameter, but in 
these they were made of steel 2 inches diameter, in order to 
ensure their not breaking before the plate was destroyed. The 
nuts were 2 inches thick, and in*order that the plate might not 
receive more support from them against bulging than would be 
given in practice, they were turned down, where in contact with 
Qie box, to the size of a 1^-inch nut across the angles. The 
following results were obtained during the tests by hydraulic 
pressure : — 



ExPEBiMENTAX Box No. 7. Plate 6. 

Results of Testing by Hydraulic Pressure a Box made of ^-inch Steel 
Plate supported by fine-threaded Stays 2 inches diameter screwed 
into the Plate and fitted with Nuts. Stays spaced 8 inches x 8 inches. 



Pies- 

lore 

per 

Sq.lQ. 


Bulge. 


Permanent Set. 


• 

Remarks. 


Point 
B. 


Point 
E. 


Point 
H. 


Point 
B. 


Point 
E. 


Pomt 
H. 


Lbs. 

100 
200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 


Inch. 

•01 
•03 
•04 
•06 
•21 
•40 
•51 
•61 
•69 
•76 
•84 
•90 


Inch. 

•01 
•02 
•04 
•06 
•26 
•47 
•57 
•66 
•78 
•84 
•88 
•92 


Inch. 

•01 
•02 
•04 
•05 
•18 
•40 
•52 
•63 
•78 
•82 
•87 
•92 


Inch. 

Nil 

» 

t* 

•01 
•16 
•88 
•49 
•60 
.•68 
•75 
•84 
•90 


Inch. 
Nil 

»9 
t* 

•01 
•22 
•45 
•55 
•64 
•78 
•83 
•87 
•92 


Inch. 
NU 

w 
>» 

•01 
•14 
•38 
•50 
'61 
•76 
•81 
•87 
•92 


500 lbs.— Scale fallmg off plate, 
hissing sounds being emitted. 
Set taken at this and higher 
pressures with 100 lbs. per square 
inch on the box. 

1,200 lbs.— Plate touchmg the cor- 
ners of the four middle stay nuts. 
Took off the nuts and bevelled 
the comers. Again applied 
pressure, and when gauge mdi- 
cated 1,100 lbs. the plate slipped 
oyer the round portion of the 
nuts of the four centre stays. 

. Further test abandoned. 
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ExPBRiMBNTAL Box No. 8. Plate 6. 

Results of Testing by Hydraulic Pressure a Box made of ^inch Steel 
Plate supported by fine-threaded Stays 2 inches diameter screwed 
into the Plate and fitted with Nuts. Stays spaced 8 inches x 8 inches. 



Pres- 




Bulge. 




t 
Permanent Set 




sure 
per 














Bemarks. 


Point 


Point 


Pomt 


Point 


Point 


Point 


Sq. In. 


B. 


E. 


H. 


B. 


£. 


H. 




Lbs. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


A pressure of 100 lbs. per square 


100 


•01 


•01 


line 


m 


KH 


NU 


inch was applied to test the 
joints before the experiment 


200 


•02 
bare 


•02 


•01 


w 


» 


>i 


commenced. 
700 lbs.— Scale fallmg off the plate 
near the stay holes. 


300 


•02 


•02 
fuU 


•02 


• ft 


99 


99 


800 lbs. and 900 lbs.— The set was 
taken with 100 lbs. per square 
inch on box. 


400 


•03 


•03 


•03 


79 


» 


99 


1,000 lbs.— At tluB and higher 
pressures the set was taken with 


500 


•04 


•05 


•0^ 


•03 


•02 


•02 


200 lbs. on box. 
1,400 lbs. — Leak at stay head; 


600 


•10 


•17 


•14 


•07 


•15 


•12 


gauges oscillating 60 lbs. ; when 
the stay was partially unscrewed 


700 


•34 


•44 


•40 


•33 


•42 


•38 


to receive a new grummet, the 
pressure fell to zero, and the 


800 


•48 


•64 


•54 


•46 


•53 


•52 


plate started back about ^ inch 
from the stay nuts. Fitted new 


900 


•57' 


•62 


•62 


•55 


•60 


•60 


grummets under the four centre 
stay nuts and re-set gauges. 
1,660 lbs.— Plate sUpped over 


1,000 


•67 


•69 


•70 


•66 


•67 


•69 
















No. 7 stay nut. Further test 


1,100 


•74 


•76 


•78 


•73 


•73 


•76 


abandoned. , 


1,200 


•80 


•82 


•84 


•80 


•81 


•83 




1,300 


•86 


•86 


•89 


•86 


•85 


•89 




1,400 


•92 


•93 


•96 


•92 


•92 


•96 


• 


1,500 


1^21 


1^25 


1-20 


1-21 


1-25 


1-19 




1,550 


— 


— 


— 


■~~ 


"~~ 


~~" 
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ExPEBiMENTAL Box No. 9. Plate 6. 

Results of Testing by Hydraulic Pressure a Box made of ^-inch Steel 
Plate supported by fine-threaded Stays 2 inches diameter screwed 
into the Plate and fitted with Nuts. Stays spaced 8 inches x 8 inches 



Pres- 




Bulge. 




Permanent Set . 




sore 














Remarks. 














per 
Sq.In. 


Point 
B. 


Point 


Point 
H. 


Point 
B. 


Point 
E. 


Point 
H. 




Lbs. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch 


Inch. 




100 


•01 


Nil 


•01 


Nil 


Nil 


NU 


700 lbs.— At this, and higher 
presfores the set was taken with 


200 


•01 


•01 


•02 


» 


ft 


99 


100 lbs. per square inch on the 


300 


•02 


•01 


•02 


» 


» 


M 


box. 
1,950 lbs. — When reducing the , 


400 


•03 


•02 


•03 


» 


>» 


» 


pressure to take set, the plate 


500 


•04 


•03 


•04 


tf 


» 


» 


sprang back from the nuts of' 
Nos. 6, 7, 10, and 1 1 stays about 


550 


•04 


•03 


•05 


» 


n 


» 


•i^ of an inch. Put fiet^ grum- 


60O 


•04 


•03 


•05 








mets under these nuts. 


♦> 


» 


» 


2,000 lbs — ^Thread of No. 6 stay 


650 


•05 


•04 


•07 


•02 


•02 


•03 


stripped. Turned J inch off the 


700 


•07 


•06 


•12 


•05 


•03 


•09 


insido of the star heads to bring 
points of bolts through the nuts. 


750 


•12 


•10 


•21 


•09 


•08 


•17 


Fitted new stay in lieu of No. 6 


800 


•24 


•24 


•36 


•28 


•22 


r 

•32 


stay. When 2,000 lbs. was again 
applied the plate slipped over the 


850 


•36 


•35 


•46 


•34 


•32 


•41 


nut of No. 11 stay. 


900 


•42 


•41 


•51 


•41 


•38 


•47 




950 


•50 


•45 


•56 


•48 


•44 


•54 




1,000 


•53 


•48 


•60 


•52 


•46 


•58 




1,050 


•56 


•50 


•63 


— 


— 


— 




1,100 


•60 


•52 


•66 


— 


— 


— 




1,150 


•6^ 


•55 


•69 


— 


— 


— 




1,200 


•64 


•56 


•72 


•63 


•55 


•72 




1,250 


•67 


•58 


•75 


•66 


•58 


•74 




1,350 


•70 


•61 


•78 


•70 


•61 


•78 




1,750 


•90 


•81 


102 


•89 


•81 


1^00 




1,950 


106 


100 


1-16 


— 


— 


— 




2,000 


■"" 


■~ 


""~ 


1 


"~" 


""~ 





I 



The following suminaiy contains the results of the different 
experiments : — 
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No. of 
talBox. 



Thickness 
of Plate. 



[Description.j 



Pressure 

per Square 

Inch at which 

the Box failed. 



How Failed. 



if » 

^ » 
3 >» 



Stays screwed 
through plate 
and riveted 
over. 



Stays screwed 
through plate 
and fitted with 
nuts on the out 
side. 



Lbs. 
350 

495 
740 



980 

1^00 

1,200 

1,550 
1,300 

2,000 



Riveted heads 
broke off and 
plate forced over 
stay end. 



Plate cracked. 



Stays broke. 
Plate forced over 
nuts. 

>♦ >» 
Stays broke. 
Plate forced over 
nuts. 



The great advantage derived from fitting nuts to the stays is 
clearly shown, the bursting pressures of the ^, -^j and ^ inch 
boxes with riveted stays being 350 lbs., 495 lbs., and 740 lbs. 
per square inch respectively, and of the boxes with nutted stays 
of the same size 980 lbs., 1,200 lbs., and 1,300 lbs. per square 
inch respectively, the latter exceeding the former very largely. 
The excess with the nutted stays is still larger with the ^ and 
J inch boxes, in which the stays were increased to 2 inches 
diameter. These stays, as well as the 1^-inch stays in the ^inch 
box, are much larger than would be adopted in practice with the 
thickness of plate, and were only fitted in these cases to ensure 
the plate bursting before the stays brote. The nuts also in each 
case were made thicker in order to prevent the threads from 
stripping ; due consideration must therefore be given to these 
facts when considering the bursting pressures. 

The inferiority of the boxes fitted with riveted stays as com- 
pared with those in which the stays were screwed into the plates 
and fitted with nuts is very clearly shown by the curves of per- 
manents sets, plate 9. In those for the former boxes it is seen 
that no permanent sets occur until' a considerable pressure has 
been applied, but that they afterwards increase at a rather rapid 
rate over a short range of pressures, the curves then diverging 
suddenly from the perpendicular lines as the heads of the stays 
gave way. With the boxes in which the stays are screwed 
through the plate and fitted with nuts, not only are the bursting 
pressures much higher, but the boxes are not so subject to sudden 
failure, for at no time do the curves so rapidly diverge from the 
perpendicular lines as they are found to do with the former 
boxes. The greater regularity of the permanent sets during 
the whole period of the experiments is very marked as compared 
with those obtained from the boxes with riveted stays. 
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In deciding the working pressure suitable for the flat surfaces 
of boilers similiar to the boxes which have been tested, other 
considerations than the mere bursting pressures must be taken 
into account. The ^inch box with riveted stays gave way at 
350 lbs. per square inch. The bulges were not recorded at this 
pressure, but at 3001bs. when the heads of four stays were cracked 
the mean bulge was 0*35 inch. It is clear that when during the 
test of the ^-inch box with nutted stays an equal bulge occurred, 
the plate must have been just clearing the threads of the stays, 
and consequently liable to spring back from the nuts ' on the 
removal of the pressure. A boiler even if tested considerably 
below the pressure required to cause the above bulge would be 
overstrained, and liable to leakage at the stay holes. Unless a 
sufficiently high factor of safety is adopted in order to obviate 
overstraining, the working pressure for the combustion chamber 
of a boiler similarly constructed should not be decided upon 
entirely with reference to the bursting pressure, but the pressure 
at which the above bulge took place, viz., about 400 lbs. per 
square inch, should be considered. Again in the ^|-inch box 
with riveted stays the mean bulge recorded just before the box 
burst was 0'26 inch. In the two boxes of the same thickness 
with stays fitted with nuts, this amount of bulge was recorded at a 
pressure between 500 and 550 lbs. Both the ^-inch boxes with 
nutted stays burst at a pressure of 1,200 lbs. per square inch, but 
as between 500 and 550 lbs. the extension in the stay holes was 
sufficient to free the plate from the stays, the same argument 
applies as in the case of the ^^^-inch box. A consideration of the 
bulges in the case of the ^-inch boxes will show, in a similar 
manner, that the working pressure for a combustion chamber 
similarly constructed to tlie boxes fitted with nutted stays, should 
be decided upon with reference to a pressure of about 825 lbs. 
rather than 2,000 lbs. per square inch, at which the plate of the 
^-inch box was forced over a nut. 

During the experiments with the three last bpxes, little or no 
leakage occurred round the stays whilst the pressure was on, as 
the circular shape of the bases of the nuts permitted the plate 
when bulging to accommodate itself to them, and make a water- 
tight joint. Had the nuts where fitting against the plates been 
hexagonal, as is usually the case, this would not have occurred, 
as considerable leakage would have taken place and prevented 
the application of the high pressures recordeo. 

Attention has ah-eady been drawn to the fact of the high 
pressures recorded with the three last boxes, only been obtainable 
owing to the stays and nuts bemg much larger than would be 
fitted in practice. Although for the above reasons the working 
pressure is necessarily kept within much narrower bounds than 
might at first be thought necessary, the ductility and strength of 
the steel are most valuable, as they endow the steel combustion 
chamber of a boiler when fitted with nutted stays, with a very 
great safeguard against explosion in the event of the pressure 
applied having accidently been allowed to become too high. 

The next experiment was made to ascertain the resistance to 
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bursting of the flat ends of boilers in the steam space, when made of 
steel plate, and supported in the usual way by stays passing through 
the p1at6 and fastened by nuts on each side. A box was con- 
structed at the Glasgow Locomotive Works of y^^-inch steel plate 
supported by stays spaced 14 inches by 15^ inches, and fastened 
as above. The stays were 2^ inches diameter over the thread, 
and screwed eleven threads to the inch ; the nuts outside the 
plate were 2^ inches thick, and those inside 1^ inches. Sketdies 
of the box nnd'of the plates after the test are given in Plate 7. 

The two sides of the box were marked O and P respectively, 
and the following bulges and sets were obtained during the .test 
by hydraulic pressure. 

Experimental Box No. 10. Sitde 0. 

Results of Testing by Hydraulic Pressure a Box made of iVincl^ Steel 
Plate, supported by Stays passing through the Plate and fastened by 
Nuts on each side. Stays spaced 14 inches x 15^ inches. 







Bulge. 






Permanent Set 




Point 
B. 


Point 
E. 


Point 
H. 


Point 
A. 


Point 
D. 


Point 
G. 


Point 
B. 


Point 

e. 


Point 
H. 


Point 


Point 
D. 


Point 
G. 


Remarks. 


Lbs. 


Inch. 


Inch, 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 




25 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


NU 


NU 


Nil 


NU 


NU 




50 


•02 


•01 


•005 


•08 


•025 


•006 


»» 


»» 


H 


„ 


•» 


„ 




76 


•04 


•02 


•02 


•036 


•036 


•03 


»» 


>* 


W 


M 


„ 


M 




100 


•06 


•04 


•05 


•06 


•05 


•04 


M 


M 


»» 


N 


M 


U 




125 


•10 


•06 


•06 


•09 


•07 


•05 


„ 


M 


M 


„ 


„ 


,^ 


1 


150 


•12 


•09 


•09 


•10 


•10 


•07 


„ 


„ 


•01 


M 


. „ 


^ 




175 


•15 


•10 


•10 


•13 


•13 


•13 


•03 


•03 


•03 


•01 


•03 


•02 




200 


•22 


•15 


•15 


•16 


;i6 


•17 


•06 


•05 


•05 


•03 


•06 


•06 




225 


•84 


•20 


•20 


•20 


•22 


•21 


•10 


•10 


•10 


•08 


•10 


•09 




250 


•56 


•80 


•29 


•80 


•80 


•80 


•23 


•19 


•18 


•15 


•19 


•16 




275 


•72 


•62 


•60 


•50 


•49 


•46 


•45 


•40 


•37 


•89 


•89 


•83 




300 


•88 


•66 


•64 


•66 


•62 


•60 


•60 


•56 


•63 


•65 


•58 


•48 




325 


•94 


•75 


•75 


•78 


•72 


•71 


•71 


•65 


•62 


•66 


•63 


•60 




350 


1^06 


•83 


•85 


•90 


•85 


•88 


•82 


•75 


•75 


•78 


•76 


•72 




375 


1-16 


•93 


•97 


1-05 


•96 


•96 


•96 


•85 


•86 


•97 


•88 


•86 




400 


1-25 


1-0 


1^06 


1-12 


1^04 


1^06 


1^06 


•98 


•97 


1^01 


•98 


•96 




425 


r35 


1-09 


1-17 


1-28 


1-18 


1^6 


1-14 


10 


1^05 


1^11 


1-06 


1-05 




450 


r44 


117 


1-27 


1-33 


1^23 


1^25 


1-24 


1^07 


1^14 


1^23 


115 


1^15 




475 


1-61 


1-24 


1-35 


1*41 


1-31 


1^35 


1^34 


1-15 


1^22 


131 


r24 


1^26 




500 


1^60 


1^31 


1*42 


1^49 


r40 


143 


142 


1-22 


1-30 


1^40 


1-34 


1-86 




525 


1^70 


1-39 


1^60 


1-57 


1-47 


1^60 


1*60 


1-80 


1'40 


1^40 


1^40 


1^44 




650 


1-76 


1-47 


1^58 


1-65 


1^65 


1^60 


1-68 


1^38 


1-47 


1^56 


1^48 


1^61 




675 


1^81 


r58 


1-69 


i'75 


1^63 


1^66 


1^68 


1-49 


1-57 


1^65 


r68 


160 




600 


1-85 


1^63 


1^75 


1'82 


1-72 


1^75 


1^76 


1-65 


1-65 


1^74 


r66 


1^70 




625 


1^91 


1^69 


1*80 


T87 


1*77 


1^80 


1-82 


1-61 


1-70 


1^80 


1^78 


1^74 




660 
675 


1-99 
2^07 


1*78 
1^86 


1-88 
1-96 


1^95 
2^01 


1-87 
1-95 


1^86 
1*95 


1^90 
1-9S 


1-69 
1^78 


1^78 
1^86 


1^88 
1^95 


1^80 
1-89 


1^80 
1^89 


At 740 lbs. the 
plate at a stay- 
hole cracked,as 
shown in fig. 10, 
plate 7. 


700 


2'17 


1^97 


2-05 


2^10 


2-03 


203 


2^07 


1^88 


i;95 


202 


1^98 


1-96 


740 


2^33 


a^i6 


218 


2-20 


2^17 


213 


2-21 


203 


2^06 


210 


2^08 


208 
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Experimental Box No. 10. Side P. 

Results of Testing by Hydraulic Pressure a Box made of T^.inch SteeV 
Plate, supported by Stays passing through the Plate and fastened by 
Nuts on each side. Stays spaced 14 inches x 15^ inches. 





Bulge. 


Permanent Set. 


Remarks. 


Point 


Point 


Point 


Point 


Point 


Point 


Pbint 


Point 


Point 


Point 


Point 


Point 


B. 


B. 


H. 


A. 


D. 


G. 


B. 


E. 


H. 


A. 


D. 


G. 






Inch. 


Inch. 


Inch. 


Inch. 


[nch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 




26 


NU 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 




60 


•01 


•01 


•01 


•01 


•01 


•01 


,, 














76 


•02 


•026 


•02 


•026 


•08 


•02 










' 






100 


•04 


•04 


•05 


•04 


•06 


•08 


^ 


^ 












185 


•06 


•06 


•05 


•06 


•07 


•06 
















160 


•08 


•07 


•07 


•07 


•10 


•09 


ft 




^^ 






' 




176 


•10 


•09 


•09 


•18 


•12 


•10 


•02 


•02 


•02 


•02 


•02 


•02 




200 


•14 


•12 


•12 


•16 


•16 


•18 


•06 


•04 


•06 


•06 


•04 


'06 




226 


•20 


•17 


•17 


•20 


•20 


•19 


•09 


•08 


•09 


•08 


•07 


•08 




260 


•29 


•26 


•26 


•27 


•29 


•27 


•17 


•16 


•16 


•14 


•14 


•16 




276 


•48 


•46 


•46 


•44 


•46 


•48 


•87 


•86 


•87 


•80 


•81 


•81 




SOO 


•62 


•69 


•63 


•66 


•60 


•66 


•61 


•60 


•63 


•46 


•46 


•47 




326 


•71 


•67 


•72 


•66 


•69 


•69 


•60 


•67 


•62 


•64 


*64 


•66 




860 


•80 


•74 


•82 


•77 


•78 


•79 


•70 


•66 


•72 


•66. 


•66 


. -69 




375 


•90 


•88 


•98 


•87 


•87 


•90 


•79 


76 


•88 


•79 


•76 


•80 




400 


•98 


•89 


roo 


•96 


•96 


1-00 


•87 


•80 


•91 


•86 


•84 


•89 




426 


1-04 


•94 


1^08 


1^04 


ros 


1^07 


•94 


•86 


•98 


•96 


•91 


•97 




460 


1^12 


1^01 


1-17 


118 


1^10 


1^16 


1-01 


•91 


1^06 


1*08 


•99 


1*06 




476 


1-20 


1^08 


1-24 


r2o 


1-17 


1*24 


1'09 


•97 


116 


112 


1^06 


1-16 




600 


1^28 


1^18 


1^80 


1-28 


1'2S 


1^81 


1^16 


1'06 


1^21 


1^19 


1-14 


1^22 




526 


1-86 


1^21 


1^89 


1^36 


1-81 


1*89 


1-24 


1-12 


1^29 


1*27 


1*21 


1^8l 




560 


1*43 


1^27 


1-46 


1'48 


139 


1*46 


1^80 


1^20 


1^87 


1*84 


1*80 


1*88 




676 


1-62 


1-81 


1^60 


1*60 


1*46 


1^62 


1-89 


1-26 


1*48 


1*48 


1*39 


1^46 




600 


1-69 


1^46 


1^61 


1-.68 


1^66 


1^«1 


1-47 


1^87 


1*62 


1*60 


1^46 


1'64 


At 740 lbs., plate 
at a stayhole 


626 


1*6S 


1^40 


1-67 


1-64 


i-«o 


1-66 


1^68 


1-41 


1*67 


1'66 


1^61 


1^69 


660 


1-71 


1-69 


1-76 


1-72 


1-70 


1*75 


1-60 


1^60 


1*66 


1*64 


1*69 


1*67 


in side 


676 


1-80 


r68 


1^84 


1-80 


1^78 


1*83 


1*70 


1^69 


1*74 


1-72 


1*70 


1*76 


cracked, as 


700 


1^88 


1^78 


1^98 


1-89 


1^88 


1*90 


1-78 


r70 


1-88 


1*80 


1*80 


1^86 


shown infiff. 


740 


1-92 


1-88 


2^02 


1-96 


1^98 


2*01 


1^86 


1^81 


1*98 


1*86 


1*89 


1^92 


10, plate 7. 



A further experiment was made in order to ascertain the addi- 
tional strength afforded to the end plates of boilers by riveting to 
them thick washers at the stay holes, in the way sometimes 
adopted. A box was made at the Glasgow Locomotive Works of 
-^-inch steel plate, with the plate in way of the stays strengthened 
by washers 9 inches diameter and ^ inch thick, riveted on by eight 
|-inch rivets. The stays and nuts were the same sijse as in the 
previous box, the stays being spaced 14 inches by 15 inches. 
Sketches of the box and of the plates after the experiments are 
given in Plate 8. 

The results of .testing by hydraulic pressure are as follows :— 
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EXPEBIMRNTAL BoX No. 11. StcU X. 

Results of Testing bj Hydbacjlic Pbessuee a Box made of 
^-inch Steel Plate, strengthened in way of the Stays by 
Washers 9 inches diameter and \ inch thick riveted on. 
Stays spaced 14 inches x 15 inches. 



Pre^. 


Bulge. 




Permanent Set. 




sure 

per 

Sq.In. 












Remarks. 


Point 
B. 


Point 
E. 


Point 
H. 


Poiut 
B. 


Point 
E. 


P<Mnt 
H. 


Lbs. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 




50 


Nol 


percepi 


ible. 


Nil 


NU 


Nil 




100 


Not 
taken 


•02 


•02 


» 


>» 


» 




160 


•08 


•03 


•03 


»> 


» 


>» 




200 


•05 


•05 


•05 


>i 


» 


»> 




250 


•07 


•07 


•07 


» 


if 


»> 




300 


•11 


•11 


•11 


•03 


•03 


•03 




350 


•16 


•16 


•18 


•06 


•07 


•06 




400 


•32 


•29 


•33 


•16 


•16 


•18 




450 


•57 


•54 


•57 


'44 


•43 


•44 




500 


•83 


•77 


•82 


•69 


•65 


•68 




550 


1*14 


•95 


106 


•91 


•85 


•91 




600 


1-27 


1-13 


1-26 


114 


1^03 


1^11 




650 


1-44 


1-29 


1-43 


1^33 


1^18 


1-30 




700 


1-62 


1*45 


1^62 


1-50 


1^35 


1-47 


860 lbs. The threads 


S60 


Not 
taken. 


Not 
taken. 


Not 
taken. 


P90 


1-89 


1*97 


of a nut stripped at 
the opposite side of 
box. 
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ExPEBiMKNTAL Box No. 11. Side F. 

Besults of Testing by Hydraulic Pressure a Box made of -^-inch Steel 
Plate strengthened in way of the Stays by Washers 9 inches diameter 
and ^ inch thick riveted on. Stays spaced 14 inches x 15 inches. 



Pres- 


Bulge. 




Pennanent Set. 




sure 












Bemarkf. 














per 
Sq.In. 


Point 


Point 


Point 


Point 


Point 


Pomt 




B. 


E. 


H. 


B. 


B. 


H. 




libs. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


' e 


50 


Nil 


Nil 


Nil 


Nil 


NU 


Nil 




100 


•02 


•02 


•02 


w 


»i 


*9 




150 


•08 


•03 


•08 


» 


♦» 


?> 




200 


•05 


•05 


•07 


99 


»> 


» 




250 


•07 


•09 


•09 


•01 


•01 


•01 


' 


300 


•11 


•13 


•13 


•03 


•03 


•03 




850 


•19 


•18 


•21 


•07 


•07 


•09 




400 


•39 


•33 


•40 


•24 


•21 


•26 




450 


•56 


•55 


•63 


•48 


•44 


•50 




500 


•78 


•67 


•76 


•67 


•59 


•69 




550 


•97 


•85 


100 


•85 


•74 


•87 




600 


113 


100 


1-17 


•98 


•87 


104 




650 


1^28 


112 


1-33 


115 


1^00 


1-19 




700 


1-44 


1^27 


1^50 


P80 


1-14 


1^34 




860 


Not 


Not 


Not 


1^70 


1-71 


1^89 


860 lbs.— At this pressure the 




taken. 


taken. 


taken. 








threads of the nut of one of the 
centre stays stripped. 



The system adopted for recording the bulges and permanent 
sets was the same as that previously described. Upon the box 
No. 10, with the stays fastened by nuts on each side, being tested, 
a slight permanent set occurred at 150 lbs. per square inch. Both 
bulges and permanent sets increased at a comparatively uniform 
rate up to about 250 lbs. per square inch, when a considerable 
increase in both took place, that of the permanent sets being shown 
very clearly by the curve in Plate 9. The box ultimately gave 
way at 740 lbs. per square inch by a crack in the plate at a stay 
hole. On the box No. 11, with the plate strengthened in way of 
the stays by large riveted washers, a slight permanent set was 
recorded on one side at 250 lbs. per square inch. The bulges 
increased gradually at a comparatively uniform and slightly in- 
creasing rate up to 350 lbs. Between this pressure and 400 lbs. 
a large increase occurred in both bulges and permanent sets, that 
of the latter being shown in the curve of sets, Plate 9. The box 
failed at 860 lbs. per square inch by the stripping of the thread of 
a nut of one of the centre stays. 

The pressures at which the two boxes burst are thus 740 lbs. 
and 860 lbs. per square inch. Had the box with the large riveted 
washers not fiiiled by the stripping of the nut, it is probable that 
» higher pressure would have l^en obtained ; consequently the 
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above figures do not^ as regards the plate, correctly refpresent the 
real difference between the bursting pressures of the two boxes. 
If the pressures after which the pernuine.nt sets were observed to 
increase at a rapidly increasing rate, say 250 lbs. and 850 lbs. per 
square inch, be taken to represent the relative strength of the two 
systems of construction, it would appear that by the riveting on of 
the large washers the bursting pressure of the end of a boiler is 
increased about 40 per cent. 

Comparing the bulges and permanent sets recorded with the 
boxes Nos. 10 and 1 1, it is seen that the differences are much the 
greatest at about 350 lbs. per square inch, but they become much 
less as the ^essures increase. This woidd appear to show that 
No. 11 box, vnth the plate strengthened by the riveted washers, 
was failing quickly when the nut stripped, and that the allowance, 
40 per cent., which we have assumed as the probable exl^it which 
the bursting pressure of the plate of No. 1 1 box exceeded that 
of No. 10, should be considered as a liberal estimate. When 
considering the increase of sti*ength obtained by the riveting on 
of large washers it should not be forgotten that in No. 11 box the 
washers, compared with the plate, were proportionally thicker than 
are usually employed in such cases, and probably afforded a some- 
what greater amount of strength than is usually given by them. 

Comparing the curves of permanent sets, Plate 9, obtained from 
the boxes Nos. 10 and 11, it is seen that they are very similar in 
character, except that the sets are less in amount in the latter, in 
which large washers are fitted, than in the former. Comparing 
the curves with those obtained from the boxes vnth stays screwed 
into the plates and fitted with nuts, the former appear to diverge 
more rapidly than the latter from the perpendicular line ; this, 
however, is due to the increase in the sets arising from the area 
between the stays in one case being above three times that in the 
other. 



In the body of this report attention has been drawn to the 
desirableness of further experiments being carried out to ascertain 
{ 1 ) the loss of strength which occurs in lap riveted joints con- 
structed of steel plates when the holes are punched, and (2) the 
effect of temperatures up to about 1,000° Fahrenheit upon the 
tensile strength and ductility of steel plate. It is desired, in con- 
clusion,to give the fullest prominence to the advisableness of further 
expenments being made with reference to the above points. 

The value to be attributed to steel plates when welded also* 
urgently requires experimental investigation. Whilst some manu^ 
facturers assert their ability to weld steel plates, convincing proof 
is constantly afforded that others are unable to do so. Even in 
those establishments where the operation is considered to be 
properly performed, it is only entrusted to certain workmen, as 
other smiths equalfy good for general work cannot be depended 
upon to perfomrit with success. * 
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The system adopted is found to differ at different works, but 
success appears to depend most upon the skill and experience of 
the workmen, and upon the care taken to avoid the injurious 
effects arising from the strains set up in the steel by local heating. 
The influence which these strains exert when the length of weld 
is considerable is very great, cases not unfrequently occurring in 
which the weld is found to give way when nearly completed. 
There can be uo doubt that all welded plates or furnaces in which 
welded seams occur should be properly annealed afterwards. 

An experiment was recentlv made to ascertain the value of an 
apparently perfect weld in a mrnace which had been subsequently 
annealed, and the results showed that the weld was by no means 
so good as could have been obtained with iron. It is highly im- 
portant that further experiments should be made. in connexion 
with this subject. 

One other remark should be made in conclusion. The obser- 
vations made herein regarding mild steel are intended only to 
apply to steel manufactured by the Steel Company of Scotland, 
which is of the same quality as that of which the tests are 
attached. Proofs are not unfrequently given that with the in- 
creasing introduction of steel in ^ip building and boiler making, 
considerable variability occasionally occurs in its tensile strengdi 
and ductility. One great obstacle to the greater, or even con- 
tinued use of steel for the above purposes may, it is feared, be 
found in the gradual* reduction in its ductility, arising from the 
effects of competition between steel manufacturers. 

Thomas W. Teaill. 
Thomas J. Richards. Pbter Samson. 

The Assistant Secretary, 

Marine Department. 
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APPENDIX. 



Particulars of Bending Tests made at the Works of 
THE Steel Company of Scotland at Newton. 

In the following bending tests those plates noted as *' tempered" were heated 
to a cherry red and cooled suddenly in water. 

Eig. 1, Plate 1, shows the apparatus used for bending the strips marked 
1,2.3,7,8,9, 13,14, 15. 

Fiff. 2 represents the apparatus adopted for bending the other specimens. 

After the specimens were bent as far as the apparatus would allow, they 
were further bent and finally closed under the steam hammer. 

In the following bending tests the specimens Nos. 1 to 22 were cat off the 
same steel plate (boiler pUte), and were all 12 in. x 2 in. x *96 in. Plate 
branded Steel Co., Scot., Ld. 

In the following remarks a is the distance measured on the specimen 



thus ( ( 5 ^ , except where otherwise stated. 




7. Untempered. Planed out of plate ; corners left sharp. Bent without 
injury, a =» IJ in. 

8. Untempered. Same remarks as for No. 7. Bent without injury, 
a = li in. 

9. Untempered. Same remarks as for No. 7. a = 1^ in. 

10. Tempered ; planed out of plate ; comers left sharp. Bent without 
injury, a = If in. ^ 

11. Same remarks as for No. 10. a = It in. 

12. Same remarks as for No. 10. a = If in. 

1. Untempered. Planed out of plate ; two comers rounded. Bent with 
rounded corners outwards. No sign of fracture. 

2. Untempered. Same remarks as for No. 1. Twisted f in. when 
finished. 

3. Untempered. Planed out of plate ; two comers rounded. Bent with 
rounded comers outwards. Bent almost close without ii^ury. 

4. Tempered. Planed out of plate ; two comers rounded. Bent with 
rounded comers outwards. No sign of fracture, a » l-^ in. 

5. Tempered. Planed out of plate; two comers rounded. Bent with 
rounded corners outwards. No sign of fracture, a = 1^ in. 

6. Tempered. Planed out of plate ; two comers rounded. Bent with 
rounded comers outwards ; began to crack when legs were paraUel 1^ in. apart. 
Broke when being marked. 

13. Untemper^ Sheared off the plate ; compressed comers on opposite 
sides of test piece. Began to show slight fracture when bent through angle 
135°. When bent 160° the fracture slightly increased. Broke with an 
accidental sudden blow when legs were parallel If in. apart. 

14. Untempered. Sheared off plate ; compressed comers on opposite sides 
of test piece. Began to show fracture at one edge when legs were parallel 
If in. apart. Ends closed without much further injury, a » l-fi^ in. 
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15. Untonpered. beared off plate; oompTesBed ooniers on c^ponte sides 
of test piece. Beoeiyed accidentallj a heavy blow, and broke iftet being 
bent through angle 105^ Badios of curvature inside, 1 in. 

16. Tempered. Sheared off plate ; compressed comers on opposite sides 
of test piece. Bent without fracture, a =? If in. 

17. Tempered. Same remariLS as for No. 16. a » 1-^ in. 

18. Tempered. Same remarks as for No. 16. a » 1-^ in. 

19. XJntempered. Sheared off plate ; compressed comers on same side of 
test piece. Bent with compressed comers inwards. After being bent through 
an angle of 160^, edge began to crack slightly when a » Ifin. 

20. XJntempered. Sheared off plate ; compressed comers on same side of 
test piece. Bent with compressed comers inwards After being bent through 
an angle of 150°, edge began to crack slightly. 

21. XJntempeied. Sheared off plate ; compressed comers on same side of 
test piece. Bent with compressed comers outwards. Began to crack slightly 
after being bent through an angle of 160°. Bent to 1-^ in. parallel, with 
little increase in the fiacture. a » 1-^ in. 

22. XJntempered. Sheared off plate ; compressed comers on the same side 
of test piece. Bent with the compressed comers outwards, a >■ If in. 

In the following bending tests the specimens Nos. 23 to 44 were cut off the 
same steel = plate (boiler plate), and were all 12 in. x 2 in. x '71 in. Plate 
branded Steel Co., Scot., Ld. 

29. XJntempered. Planed out of plate ; comers left sharp. Bent without 
injury, a = 1^^ in. 

30. XJntempered. Same remark as for No. 29. Slight twist, a = Ijin. ; 
81. XJntempered. Same remarks as for No. 29. Slight twist, a » 1-^in. 

32. Tempered. Planed out of plate ; comers left shurp. Bent without in- 
jury. Slight twist, a =s If in. 

33. Tempered. Same remarks as for No. 82. a » If in. 

34. Tempered. Same remarks as for No. 32. a » 1^ in. 

23. XJntempered. Planed out of plate ; two comers rounded. Bent double 
with rounded comers outwards. 

24. XJntempered. Planed out of plate ; two comers rounded. Bent with 
rounded comers outwards ; closed uniIgul^ed. 

25. XJntempered. Planed out of plate ; two comers rounded. Bent with 
rounded comers inwards. Bent close without injury. 

26. Tempered. Planed out of plate ; two comers rounded. Bent with 
rounded comers outwards. Cracked when almost closed. 

27. Tempered. Planed out of plate ; two comers rounded. Bent with 
rounded comers outwards, without injury, a «= If in. 

28. Tempered. Planed out of plate ; two comers rounded. Bent with 
rounded comers outwards. Slight crack when a =» 1^ in. 

35. XJntempered. Sheared off plate ; compressed comers on opposite sides 
of test piece. When bent through angle of 90° slight crack at bottom sheared 
comer, which gradually increased till piece closed, a » 1^ in. 

36. XJntempered. Sheared off plate; compressed comers on opposite sides 
of test piece. Cracking slightly siter being being bent through an angle of 
about 160°. Inside radius about | in. 

37. XJntempered. Same description as No. 35. Bottom sheared comer 
began to crack slishtly after being bent through an angle of about 185**. 
Bent parallel witii Tegs 1| in. apart. 

38. Tempered. Sheared off plate ; compressed comers on opposite sides of 
test piece. Broke when just closing, a = If in. 

39. Tempered. Same description as No. 38. Closed without fracture, 
a = 1^ in. 

40. Tempered. Same description as No. 38. Bottom sheared comer be- 
gan to crack slightly after being bent through 135°. Broke with sudden blow 
when inside radius of bend was about If in. 

41. XJntempered. Sheared off plate ; compressed comers on the same side 
of test piece. Bent with compressed comers inwards. Plate began to crack 
slightly just before being partJlel with legs 1-^ in. apart. 
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42. Untempered. Same deflcripdon as No. 41. Bent with compressed 
corners inwards. Broke when legs were parallel 2 inches apart 

43. Untempered. Sheared off plate ; compressed corners on the same side 
of test piece. Bent with compressed comers outwards without fracture, 
a = 1 J in. 

44. Untempered. Same as No. 43. Bent without fracture. Slight twist. 
a = If in. 

In the following hendin^ tests the specimens Nos. 45 to 66 were cut off 
the same steel plate (ship plate), and were all 12 in. x 2 in. x *505 in. 
Plate hranded " Steel Ck)., Scot, Ld." 

51. Untempered. Planed out of plate. Edges left sharp. Closed without 
fracture, a » i^ iu. • 

52. Untemper^. Same description as No. 51. Closed without fracture, 
a^l^in. 

53. Untempered. Same description as No. 51. Closed without fracture, 
a = 1^ in. 

54. Tempered. Planed out of plate. Edges left shi^rp. Cracked a little 
at one edge when just closing, a ^ 1^ in. 

55. Tempered. Same description as No. 54. Bent without fracture, 
a « I in. 

56. Tempered. Same description as No. 54. Closed without fracture, 
a = 1 in. 

45. Untempered. Planed out of plate ; two comers rounded. Bent with 
rounded comers outwards. Closed without fracture. Bent douhle close. 

46. Untempered. Planed out of plate ; two comers rounded. Bent with 
rounded comers inwards. Bent double close without injury, but twisted 
slightly. 

47. Untempered. Same as No. 46. Bent double close without injury, 
but twisted slightly. 

48. Tempered. Planed out of plate; two comers rounded. Bent with 
rounded comers outwards. Uninjured a » -^ in. 

49. Tempered. Same description as No. 48, but bent with rounded comers 
inwards. Began to crack slightly when ends closed and a » 1 J in. 

50. Tempered. Same description as No. 49. Bent with rounded comers 
inwards, a » |f in. 

57. Untempered. Sheared off plate ; compressed comers on opposite 
sides of test piece. Began to crack slightly at bottom of sheared edge when 
legs were parallel 1^ inches apart. 

58. Untempered. Same description as No. 57. Began to crack very 
slightly at bottom of sheared edge when a ^ 1} in. 

59. Untempered. Same description as No. 57. Began to crack slightly 
at bottom of sheared edge when legs were parallel 1^ inches apart. 

60. Tempered. Sheared off plate ; compressed comers on opposite sides 
of test piece. Cracked 8%htly at bottom of sheared edge when just closed. 
a =» li io. 

61. Tempered. Same description as No. 60. Closed without fracture, 
o = ^ in. 

62. Tempered. Same description as No. 60. When closed showed the 
slightest sign of cracking at the bottom of sheared edge, a » 1^ in. 

63. Untempered. Sheared off plate with compre^ed comers on the same 
side t>f test piece. Bent with compressed comers inwards. Bottom of 
sheared edge began to crack slightly when legs were parallel 2 inches 
apiirt. 

64. Untempered. Same description as No. 68. Bent with compressed 
comers inwards. Outside edge began to crack slightly when legs were 
parallel 2 inches apart 

65. Untempered. Same description as No. 63 ; but bent with compressed 
comers outwards. Bent without fracture, as i id. 

66. Untempered. Same description as No 65. Began to crack slightly 
when a » 1 J in. 
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In the following bending tests the specimens Nos. 67 to 88 were cut off the 
same steel plate (ship plate), and were all 12 in. x 2 in. x '25 in. Plate 
branded « Steel CJo. Scot, Ld." 

73. Untempered. Flaned out of plate ; comers left sharp. Bent without 
fracture, a ^ -fifm. 

74. Untemper^. Same description as No. 78. Bent without fracture, 
a = ^ in. 

75. Untempered. Same description as No. 73. A very slight crack at 
one comer when a » -^ in. 

76. Tempered. Planed oat of plate ; comers left sharp. Slight crack at 
one comer when a = | in. 

77. Tempered. Same description as No. 76. Began to crack slightly at 
comers when legs were parallel -^ in. apart. 

78. Tempered. Same description as No. 76. Outside comers just begin- 
ning to crack when a » -j^ in. 

67. Untempered. Planed out of plate; two comers rounded. Bent quite 
close without fracture, with rounded comers outwards. 

68. Untempered. Same description as No. 67. No fracture. 

69. Untempered. Same description as No. 67, but bent with the rounded 
comers inwards. No fracture. 

70. Tempered. Planed out of plate; two comers rounded. Beiit with 
rounded corners outwards. No fracture, a =: -^ in. 

71. Tempered. Same description as No. 70. Bent with rounded corners 
ontwards without fracture, a = | in. 

72. Tempered. Same description as No. 70. Bent with rounded comers 
inwards, without fracture, a = ^ in. 

85. Untempered. Sheared off plate with compressed comers on the same 
side of test piece. Bent with compressed comers inwards. B(>ttom sheared 
edge began to crack slightly after being bent through an angle of about 150^. 

86. Untempered. Same description as No. 85. Bent with compressed 
comers inwards. Began to crack slightly when legs were 2j in. apart. 

87. Untempered. Same description asNo. 85, but bent with compressed 
comers outwards. Just beginning to crack slightly at one comer when 
closed at ends and a — -j^ in. 

88. Untempered. Same description as No. 87. Comers just beginning 
to crack slightly when legs closed and a = J in. 

79. Tempered. Sheared off plate with compressed comers on opposite 
sides of test piece. Closed with slight crack at comer when a — |^ in. 

80. Tempered. Same description as No. 79. Closed without fracture, 
a = ^in. 

81. Tempered. Same description as No. 79. Closed without fracture. 
a=^in. 

82. Tempered. Same description as No. 79. ' Closed without fracture^. 

83. Tempered. Same description as No. 79. Just beginning to crack, 
slightly at one edge when a = | in. 

84. Tempered. Same description as No. 79. Closed without fracture- 
a-^in. 

The following specunens Nos. 89 to 95 were cut off a ^ in. iron plate, 

branded ♦** " and were all 12in. x2in. x^in. They were bent in (he 

same condition as received. 

89. Sheared off plate with compressed comers on same side of test piese. 
Bent with compressed comers inwards. Broke when ends were 4^ incnes 
apart. 

• This is a Glasgow brand. 
Q 6364. £ 
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90. Same description as No. 89. Broke when ends were 5^ in. apart 

91 . Same description as No. 89, but bent with compressed comers outwards. 
Broke when ends were 4^ inches apart. 

92. Same description as No. 91. Broke when ends were 5 in. apart 

93. Planed out of plate. Broke when ends were 2f inches apart 

94. Planed out of plate. Broke when ends were 2f inches apart. 

95. Planed out of plate. Broke when ends were 2f inches apart 

All the above specimens Nos. 89 to 95 gaye way suddenly with scarcely 
any warning, and cracked right across at once. 

The following specimens, Nos. 96 to 102, were cut off a {-inch iron plate 

branded in one place *''— -Best Boiler", and in another place branded *" 

Best Best Boiler". All 12 in. x 2 in. x | in. and bent in ihe same condition as 
received. 

96. Sheared off plate with compressed comers on same side of test piece. 
Bent with compressed comers inwards. Broke imder swage. 

97. Same description as No. 96. Cracked in several places when bent to 
angle of 90^ 

98. Same description as No. 96, but bent with compressed comers outwards. 
Broke under swage. 

99. Same description as No. 98. Broke when ends were 7|in. apart. 

100. Planed out of plate. Broke when ends were 8 in. apart. 

101. Planed out of plate. Broke when ends were 7} inches apart 

102. Planed out of plate. Broke when ends were 8 inches f^art. 

All the above specimens, Nos. 96 to 102, gave way suddenly right across. 

The following specimens, Nos. 103 to 109, were cut off an iron plate |f in. 

thick, branded f ** Best Best " and were all 12 in. x 2 in. x ^ and bent in 

the same condition as received. 

103. Sheared off plate with compressed comers on same side of test piece. 
Bent with compressed comers inwards. Cracked when ends were 7J in. apart. 

104. Same description as No. 103. Cracked when ends were 6 in. apart 

105. Same description as No. 103, but bent with compressed comers out« 
wards. Cracked when ends were 7^ in. apart. 

106. Same description as No. 105. Cracked when ends were 6^ in. apart 

107. Planed out of plate. Cracked when ends were 5f in. apart 

108. Planed out of plate. Cracked when ends were 6 in. apart. 

109. Planed out of plate. Cracked when ends were 6^ in. apart 
All the above specimens, Nos. 108 to 109, gave way without warning. 

The following specimens, Nos. 110 to 116, were cut off a j^inch iron plate, 

branded f " boiler." ' They were all 12 in. x 2 in. x J in., and were 

bent in the same condition as received. 

110. Sheared off plate with compressed comers on the same side of test 
piece. Bent with compressed comers inwards. Oacked when ends were 
5^ in. apart 

HI. Same description as No. 110. Cracked when ends were 6 J in. 
apart. 

112. Same description as No. 110, but bent with compressed comers out- 
wards. Cracked when legs were parallel 1| in. apart 

113. Same description as No. 112. Broke when ends were 6^ in. apart. 

114. Planed out of plate. Cracked when a » 1|^ in. 

115. Planed out of plate. Cracked when a ^ 1^ in. 

116. Planed out of plate. Cracked when a = Iji^ in. 



♦ This is a Glasgow brand, 
t This is a Glasgow brand. 
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The following specimens Kos. 117 to 123, were cat off a f in. iron plate 

branded ♦ " ^*." They were all 12 in. x 2 in. x | in., and were bent 

in the same condition as receiyed. 

117. Sheared off plate with the compressed comers on the same aide of the 
test piece. Bent with compressed comers inwards. Bent through angle of 
120^ 

118. Same description as No. 117. Cracked when ends were S^ in. 
«part 

119. Same description as No. 117, bat bent with compressed comers oat- 
ivards. Cracked when ends were 5^ inches apart. 

120. Same description as No. 119. Cracked when ends were 5f in. 
apart 

121. Planed oat of plate. Cracked when ends were 4| in. apart 

122. Planed out of plate. Cracked when a = If in. 

123. Planed oat of plate. Cracked when a » 1-^ in. 

The following specimens, Nos. 124 to 130, were cut off a -^in. iron plate, 

branded t " " They were all 12 in, x 2 in. x t^in., and were bent 

in the same condition as receiyed. 

124. Sheared off plate with compressed comers on same side of test 
piece. B€At with compressed comers inwards. Broke onder swage. 

125. Same description as No. 124. Broke ander swage. 

126. Same description as No. 124, bat bent with compressed comers out- 
wajrds. Broke under swage. 

127. Same description as No. ,126. Cracked when ends were 7f in. 
apart. 

128. Planed out of plate. Cracked when ends were 8f in. apart 

129. Planed out of plate. Cracked when ends were 7i in. apart. 

130. Planed out of plate. Broke onder swage. 

The following specimens, Nos. 131, to 137, were cut off a ^in. iron plate, 
branded ''Best " and ** Best Boiler." They were all 12 in. x 2 in. x -^ in., 
and were bent in the same condition as receiyed. 

131. Sheared off plate, with the compressed comers on the same ade of test 
piece. Bent with compressed comers inwards. Cracked when ends were 
9^ in. apart. 

182. Same description as No. 181. Cracked when ends were 1-^ in. 
apart. 

133. Same description as No. 131, but bent with compressed comers out- 
wards. Cracked when ends were 5| in. apart. 

134. Same description as No. 133. Cracked when ends were 4f in. 
apart. 

135. Planed out of plate. Cracked when ends were 5| in. apart. 

136. Planed out of plate. Cracked when ends were 6 J in. apart. 

137. Planed out of plate. Cracked when ends were 6 in. apart. 



ExPBEiMENTS made to ascertain the Effects of Bekding Steel 
Plate Cold, and when heated to the Temperature of Boiling 
Tallow. 

The specimens were all bent in the apparatus in Fig. 2, Plate 1, and closed 
by the steam hammer. 

In the following experiments, Nos. 160 to 165, the specimens were all 
12 in. X 2 in. x '25 in., and were planed out of steel plate branded <* Steel 
Co. Scot Ld.'' 



♦ This is a Cleveland brand 
t This is a Glasgow brand 
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Cracked Buddenl^r 
Just beginning 
Cracked when. 



Just beginning 
Cracked when 



160. Bent cold, a » ^ in. ■ No fracture. 

161. Bent cold, a » ^ in. No fracture. 

162. Bent cold, a — ^ in. No fractore. 
168. Bent when heated to temperature of boiling tallow, 

when a = 1-^ in. 

164. Bent when heated to temperature of boiling tallow, 
to crack when a « 1^ in. 

165. Bent when heated to temperature of boiling tallow, 
o = « in. 

The following specimens, No. 166 to 171, were planed out of steel plate 
branded *' Steel Co. Scot. Ld.," and were all 12 in. x 2 in. x * 51 in. 

166. Bent cold, a = 1 in. No fracture. 

167. Bent cold, a ^ I ia. No fracture. 

168. Bent cold, a » 1 in. No fracture. 

169. Bent when heated to temperature of boiling tallow, 
to crack when a » l^ in. 

170. Bent when heated to temperature of boiling tallow, 
o = 1 A in- 

171. Bent when heated to temperature of boiling tallow. Just beginning 
to crack when 3^ in. open at ends. 

The following specimens, Nos. 172 to 177, were all 12 iu. x 2 in. x '25 in. 

172. Bent cold. Great twist caused one edge to show slight sign of fracture 
when a » ^ in. 

178. Bent cold. Not fractured, a = ^ in. 

174. Bent cold. Edge cracking slightly when a = J in. 

175. Bent when heated to temperature of boiling tallow. Beginning to 
crack slightly when a = If in. 

176. Bent when heated to temperature of boiling tallow. Cracked when 
a = 1^ in. 

177. Bent when heated to temperature of boiling tallow. Cracked when 
a = 1^ in. 

The following specimens, Nos. 178 to 183, were all 12 in. x 2 in. x *B6 in. 

178. Bent cold. Not fractured, a ^ ^ in. 

179. Bent cold. Not fractured, a = ^ in. 

180. Bent cold. Not fractured, a = ^ in. 

181. Bent when heated to temperature of boiling tallow. Cracked irhen 
a = 1 J in. 

182. Bent when heated to temperature of boiling tallow. Cracked when 
a^l^ in. 

183. Bent when heated to temperature of boiling tallow. Cracked when 
a = 1 A in. 

The following specimens, 184 to 189, were planed out of steel plate 
"branded " Steel Co. Scot. Ld.," and were 12 in. x 2 in. x '3 in. 

184. Bent cold. Not fractured. a=^ ^in. 

165. Bent cold. Not fractured. a = ^in. 

166. Bent cold. Not fractured, a = | in. 

187. Bent when heated to temperature of boiling tallow. Cracked when 
ft - 1 A in. 

168. Bent when heated to temperature of boiling tallow. Cracked when 
a = Ij in. 

189. Bent when heated to temperature of boiling tallow. Cracked when 

fl - 1 A in- 
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The following specimens, 190 to 195, were all 12 in. x 2 in. x '75 in. 
i90. Bent cold. Cracking slightly at one edge when a =< If in. 

191. Bent cold. Not fractured, o = If in. 

192. Bent cold. Not fractured, a « 1,^ in. 

193. Bent when heated to temperature of boiling tallow. Cracked. 

194. Bent when heated to temperature of boiling tallow. Broken. 

195. Bent when heated to the temperature of boiling tallow. Cracked 
when ends were 7 inches apart. 

The following specimens, Nos. 196 to 201, were all planed out of steel plate, 
branded " Steel Co., Scot., L** " and were all 12 in. x 2 in. x 1 '01 in. 

196. Bent cold much past the prescribed test, cracking at the edge slightly 
when a » 1^ in. 

197. Bent when heated to temperature of boiling tallow. Broken. 

198. Bent when heated to temperature of boiling tallow. Cracked. 

199. Bent when heated to temperature of boiling tallow. Cracked when 
bent to an angle of about 90°. 

200. Bent when heated to temperature of boiling tallow. Cracked when 
interior angle 60°. 

201. Bent when heated to temperature of boiling tallow. Cracked when 
interior angle 85°. 



The following bulging or dishing tests made at the Works of 
the Steel Company of Scothind were done under a steam hammer, 
and with apparatus shown in Fig. 3, Plate 1. 

138. Steel ship-plate, lOj in. diameter and ^ in. thick, branded "Steel 
Co. Scot. Ld." Dished to a depth of 3^ in. uninjured. 

140. Iron plate, 10^ in. diameter, and ^ in. thick branded *"- 



When dished 1 in. there was an elliptical crack about 3f in. by 2f in. and the 
plate was completely destroyed when dished 2 inches. 

141. Iron plate, 10^ in. diameter, and J in. thick branded f"— Best 
Best." When dished 1 inch there was a crack ^ inch in length. Broke when 
dished 2:} inches. 



Four Bending Tests of Ships' Angles, two of Steel and two 

of Iron. 

142. Steel Angle, 2 ft. 8 in. by 2j in. o< 2j in. x ^ in., branded " Steel 
Co. Scot. L<*. " It was first flattened out under the steam hammer, then 
gripped between the hanmier and the anvil and bent over with a sledge 
hammer with the ridge outside, and finally doubled over in the direction of its 
length with the ends parallel f inch apart without fracture. 

143. Steel angle, 2 ft. 6 in. x 3 J in. x 3 in. x J^ in., branded ** Steel Co. 
Scot. L**. " Flattened out in same manner as No. 142. The middle portion 
for a length of 11 inches was then turned back on to the ridge, and finally 
cracked for a length of 5^ inches after being well bent back. 

144. Iron ships' angle, 2 ft. x 3^ in. x 3^in. x -^in. It was attempted 
to flatten it under the steam hammer, but showed signs of cracking when it 
had opened about ^ inch, and flnally gave way suddenly along its whole 
length, the cracks being on opposite sides pf the ridge. Angle branded 



145. Iron ships' ahgle. 2 ft. x 3 in. x 3 in. x ^ in., branded " '*. 

It was attempted to flatten it by the- steam hammer but broke suddenly, along 
its whole length at the beginning of the fillet. The pieces were then bent 

* This is a Glasgow brand. 

t This is another Glasgow brand. 
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as in the maimer described with No. 142. The half without the fillet was then 
bent nntil the ends were five inches apart, and was then badly cracked. The 
piece on which the fillet remained was then bent until it cracked right 
across, when a » 1^ inches. 



ExpEEDfEMTS to ascertain the Effects of DBiFTiNa upon 
Steel Plates and Ibon Plates. 

The following experiments were carried out at the works of the Steel 
Company of Scotland iu order to ascertain the effects of drifting holes in 
steel plates and in iron plates : — 

The drifts used were as shown in I^ate 8. In experiments Nos. 146 and 
147, they were rough from the hammer, but in the succeeding experiments, 
they were turned, except where otherwise stated. Each punch was driiren 
half-way through the plate and then driven from the other side. 

The pieces of steel plates used in experiments Nos. 146 to 153 were all 
cut from Uie same plate, branded '* Steel Co. Scot., L**." 

146. Steel plate 6^ in. x 6| in. x ^ in. Hole in centre drilled f in. and 
drifted out to 2i inches diameter, the burr only being cracked and the 
plate othewrise uninjured. 

147. Steel plate 6^ in. x 6| in. x ^ in. Hole drilled f inch and drifted 
out to 2^ inches diameter. The burr cracked, but there was no fracture in 
the plate. 

148. Steel plate 6i in. x 6iin. x ^in. Holed drilled f in. With the 5th 
drift the burred edge of hole cracked slightly, and the plate began to tear at 
the hole inside. 

With the 6th drift the plate cracked in j- inch from one outside edge. 
With the 7th drift, when 2f inches from bein^ through, the plate gave way 
suddenly when the diameter of the hole was 2f mches. 

149. Steel plate 6| in. x 6^ in. x | in. Hole bored | in. 
With the 5th drift the plate began to crack at outside edge. 

With the 6th drift the plate gave way when one inch ftom. being through, 
the diameter of the hole being 2^ inches. 

150. Steel plate 6^ in. x 6^ in. x ^ in. Hole punched f inch. 

With the 5th driQ, when 2 inches from being through, the plate began to 
crack slightly at outside edge. 

With the 6th drift, when 8^ inches from being through, the plate cracked, 
the diameter of the hole being 2^ inches, 

151. Steel plate 6^ in. x 6^ in, x ^ in. Hole punched f inch. 

With the 4th drift, when 1 mch from being through, the ^te cradced at 
ontside edge. 

With the 6th drift the crack at edge extended ^IV^^* 

With the 7th drift there were cracks on three sides, the diameter of the 
hole being 2^ inches. 

152. Steel plate 6^ in. x 6^ in. x ^ in. Hole punched f inch and drilled 
out to 1 inch. 

With the 4th drift, when 8^ inches from being through, the plate cracked 
a little at two outside edges. 

With the 6th drift, one of the cracks extended from the edge about half- 
way to the hole. 

With the 7th drift, when 2 inches firom being through, the crack extended 
to the hole, which had increased in diameter to 2f indies. 

158. Steel plate 6^ in. x 6^ in. x ^ in. Hole punched | inch and drilled 
out to 1 inch. 

With the 8th drift there was a slight crack at outside edge and at the 
hole, which had increased in diameter to 2} inches. 
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153a. Steel plate 10 io. x 10 ia. x ^ in. Hole drilled f inches. 

With ihe 9th drift there was a very slight crack at one outside edge. 

With the 10th drift the crack increased to | Inch. 

With the 11th drift the crack increased toll 4 inch. 

With the 12th drift the crack increased to ll inch. 

With the 13th drift the plate cracked right through, tearing up gradnallj to 
-vrithin one inch of the hole, and then giving way suddenly. The diameter of 
the hole was increased to 3^ inches. 

153b. Steel plate 10 in. x 9f in. x ^ in. Hole punched | inch. 
With the 6th drift the burr at the hole slightly cracked. 
With the 7th drift the plate began to crack. 
With the 8th drift the crack increased to ^ inch. 
With the 9th drift the crack increased to | inch. 
With the 10th drift the crack increased to 1^ inch. 

With the 11th drift the plate cracked through, the hole being Scinches 
diameter. 

The drifts 11, 12, and 13 were common black drifts such as are used in the 
smithy. 

The following drifting tests, Nos. 154 to 156, were made on pieces of ^-inch 
iron plate, Imuided ♦ " Best Best." 

154. Iron plate. 6^ in. x 6^ in. x j in. Hole bored f inch diameter. 
Wi^ the 2nd drift, when halfway throuf^h, a slight crack began to show at 

the outside edge of the plate. When one mch from through, crack began at 
the hole, and extended into the plate about ^-incb. When | inch from 
through, the plate cracked at the edge. 

With the 3rd drift, when 4^ inches from through, the plate cracked across 
to the hole. 

155. Iron plate 6^ in. x 6i in. x ^ in. Hole punched! in. 

With the 2nd drift, when 2^ inches from through, the plate cracked slightly 
at one edge. The crack extended right to the hole when the drift was f inch 
from through. Hole increased in diuneter to 1^ inch. 

156. Iron plate 6^ in. x 6^ in. x ^ in. Hole punched | inch and drilled 
to 1 inch. 

With the 2nd drift, when 1^ inch from through, the plate cracked suddenly 
from the edge to the hole. 

The following drifting tests were made on pieces of a |-inch iron plate, 
branded f " Best Boiler" and f " ^Best Best Boiler." 

157. Plate 6^ in. x 6j in. x f in. Hole drilled J inch. 

Wi^ the 1st drift, when almost through, the plate cracked at outside edgs 
) indi. 

With the 2nd drilt the plate cracked' across when the drift was 4f inches 
from being through. Diameter of hole increased to 1^ inch. 

158. Plate 6^ in. x 6^ in. x | in. Hole punched | inch. 

With the 2nd drift, when 3^ inches from through, the plate cracked at hole 
and at the edge. When the drift was 2| inches from being.through, the plate 
cracked right across. Hole increased in diameter to 1| inch. 

159. Plate 6^ in. x 6| in. x | in. Hole punched | inch, and drilled to 
1 inch diameter. 

With the 2nd drift, when 1* inch from through, the plate cracked at hole 
and at edge. When 1| inch from being through, the plate cracked right 
across. Hole increased m diameter to 1^ inch. 

THOMAS W. TRAILL. 



* This is a Glasgow brand, 
t This is a Glasgow brand. 
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Tablr 1. 



SuMMABT of the Results of Experiments to ascertain the Elastic and Ultimate 

Company of Scotland. Nominal thicknesses 



Lengthway. 



Stamped. 



Stress. 



Elastic per 
square inch. 



Ultimate per 
square inch. 



r 






go 

05.5 



Extension Set in 
Ten Inches. 



Si 


1.2 


Ms 


is' 



Appearance 

of 

Fracture. 



7-8 



7-8 



L. 


inch 


2970 


•25 


2971 


•25 


2985 


•24 


2986 


•24 
Mean 

•61 




3000 


3001 


•61 


3015 


•61 


8016 


•61 




Mean 
•78 


3030 


3031 


•76 


:3045 


•76 


3046 


•77 




Mean 
•98 


3060 


3061 


•96 


3075 


•98 


3076 


•99 




Mean 



lbs. tons. 
45,800=20'5 
47300=21^3 
45,900= 20^5 
47,900=21*3 



«6,850=21-0 



35,600=W8 
36,400=16-7 
36,600=16-3 
86,200=16-1 



35,922=16-0 



36,400=16-7 
35,200=16 -6 
36,300=16^2 
35,900=16-0 



35,700=15-9 



31,800=14-2 
82,900=14-7 
82,900=14-7 
32,700=14-6 



lbs. tons. 
70,110=31-2 
71,420=31-8 
70,180=31-2 
71,640=31-9 



70,837=31*6 



65,490=29*2 
65,410=29*2 
65,880=29*4 
64,720=28-9 



per 
cent. 

65-8 

66-9 

65-4 

66-8 



66-1 



65>375=29-2 



66,066=29*0 
63,860=28*6 
69,590=31-0 
67,986=30-3 



66,610=29-7 



61,925=27-7 
62,760=28-0 
61,966=27-7 
61,770=27-6 



32,575=1«'6 62,102«27-7 



54-2 
54^1 
65-6 
55-9 



5«-9 



64-4 
65-1 
62-1 
52^8 



536 



61-3 
62-4 
53-1 
52-9 



52^ft 



per 
cent. 

41*4 

43*6 

51*6 

62'3 



«7*2 



135,«08 



48-2 
47*5 
50*5 
60*9 



«92 



48*4 
47-8 
51-0 
51*3 



«9*6 



88*0 
43*9 
49*1 
51-7 



45-7 



lbs. 
119,641 
126.631 
145,200 
150,162 



per 
cent. 

0-29 

0-20 

0-30 

0-18 



02« 



126,614 

. 124,706 

133,064 

131,765 



129,012 



126,069 
122,869 
141,982 
139,493 



132,603 



99,813 
111,988 
121,676 
128,067 



115,386 



4-31 
4-61 
4-76 
4*82 



«62 



4-81 
6-19 
3*69 
3*78 



«*36 



6^01 
5*17 
6-11 
6^08 

5-83 



per 
cent. 

4^98 

4-26 

4-62 

4-26 



«-53 



208 



101 
10-4 
10-5 
10-6 



io-« 



10-7 
11-9 
7-67 
8-19 



per 
cent. 

21*7 

20*1 

20*0 

21-6 



100 7o Silky 

do. 

do. 

do. 



29-2 
291 
29*9 



29-« 



9-25 



14-2 
12-6 
14-6 
16-4 



l«-2 



29-8 
29-6 
29-2 
29-1 



29-« 



27-7 
29-9 
29-8 
31-2 



29-6 



do, 
do. 
do. 
do. 



do. 
do. 
do. 
do. 



do. 
do. 
do. 
do. 



Thomas W. Traill, Esq., 

The Engineer Surveyor-in-Chief, 

13, Downing Street, Westminster, S.W. 
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Table 1. 

[.E Strength of Eioht Steel Plates, received direct from Messrs. The Steel 
er, half, three-quarters, and one inch. 



P Crossway. 


f 


I 


1 


Stress. 1 


1 

il 




S.S 


Extension Set in 
Ten Inches. 


Appearance 

of 

Fracture. 


1 


Elastic per 
square inch. 


Ultimate per 
square inch. 


^ 


< 


is* 

1^ 


e 




L. 


inch. 


lbs. tons. 


lbs. tons. 


per 
cent. 


per 
cent. 


lbs. 


per 
cent. 


per 
cent. 


per 
cent. 




r 


2978 


•25 


47,800=21^3 


73,810= 38^0 


64-7 


85-8 


114,968 


0^21 


8-05 


13-6 


100 7o Silky 


\ 1 


2974 


•25 


47,800=21-8 


72,730=82^5 


65-7 


85-8 


113,286 


0-20 


3-67 


16-8 


do. 


. i 


2989 


•24 


47^900=21-4 


72,910=32-6 


65-6 


44-1 


130.585 


0-19 


3-89 


18-0 


do. j 


* I 


2989 
S003 


•24 
Mean 

•51. 


49.700=22-2 


76,920=84-3 


64-6 


44-1 


137,767 


©•11 


1-88 


20*4 


do. I 


«8,300=2r5 


7ft,092=330 


65-1 


39-9 


124,151 


0'18 


2-87 


17-2 




85,900=16-0 


65.820=29-8 


64-6 


86-7 


104,411 


4-84 


10-2 


27-6 


do. ; 




3004 


•51 


85.700=15^9 


64,780=28-9 


66-1 


42-6 


118,148 


4-72 


10-5 


27-0 


do. 1 




3018 


•51 


86.400=16-2 


65,670= 29^ 2 


55-4 


85-0 


101,400 


4-85 


10-5 


25-8 


do. 


2 < 


3019 
308S 


•51 
Mean 

•78 


86,800=16-3 • 


65.980=29-4 


56-7 


36-8 


103,220 


4-59 


10-1 


27*9 


do. 

I 

do. 


36,200=16-1 


65,562=29-2 


55-2 


37-5 


105,566 


«-62 


10-3 


26-9 


84,800=W8 


64,295=28-7 


68-8 


28-8 


90.279 


6-01 


11-2 


24-2 




3034 


•77 


84,800=W8 


63,805=28-5 


68-7 


27-0 


87,419 


5-11 


11-6 


24-6 


. do. 




3048 


•76 


86,700=15^9 


68,126=80-4 


52-4 


89-7„ 


112.922 


3-92 


8-16 


27-0 


do. 


7-8 j 


3049 
3063 


•77 

Mean 

•97 


36,100=16-1 


67,965=80-3 


58-1 


47-1 


128,424 


8-57 


7-60 


28*2 


do. 
95 7o do. 


3S,100=15-6 


66,047=29-5 


53-1 


35-6 


10«f761 


ft-ftO 


9-64 


26-0 


82,700=14-6 


61,890=27-6 


52*8 


37-0 


98,254 


5-48 


12-7 


21-1 


8064 


•99 


83»100=14-7 


6?,670=28-0 


6B-8 


85-0 


96»388 


4-04 


11-1 


22*9 


93 7o do. 




3078 


•98 


82,700=14-6 


61,720=27-6 


52-9 


88^0 


• 99,664 


5*52 


14-2 


26*2 


100 7o do. 




3079 


1-00 
Mean 


$2,500=14-5 


61.290=27-3 


5S-0 


41-1 


104^146 


5-69 


15-1 


27-6 


100 7o do. 


32,750=lft6 


61,892=27-6 


52-9 


37^8 


99,825 


5-18 


13-3 


24-4 



(Signed) David Kirkaldt, 

99, Soothwark Street, 

London, S.E., 5th March, 1878. 
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Table 2. 

Results of Experiments to ascertain the effects produced bj 

Two Steel Plates, received direct from 

Nominal thickneM, 



Sketch of Plates with Holes. 




Test ntunher and thickness 


L 2977 i inch 


L 2992 i-inch 


Holes . - - . 


DrUUd. 


Dnlled. 


Plates, brand ... 


S.C.ofS.L.G.S. 


S.aofS.L.G.S 


Plates, width and thickness 


12*00 X '25 


12-00 X -24 


Plates, sectional area, gross 


8-00 


2*88 


Stress total 


lbs. tons. 
146,720 » 65*5 


lbs. tons. 
141,980 = 68-3 


Stress per square inch of gross area 


4^,W = ^^-^ 


49^i = 22-0 


Stress per square inch of plates, 
solid • . • . 


70,765^81^6 


70^i0^8i'1 


Ratio of holes to solid 


69' i 


69-5 




100 7„ Silky 


100 7,SUky 


Holes, diameter and number 


•79 X 6 =4-74 


•79 X 6 = 4*74 


Holes, elongated, inch 


•26 + -14=: -40 


•24+ -18 « -87 


Holes, elongated, per cent. 


e3*3 


S3'4 


Width of plates, less* holes, per 
centage - - - - 


60-5 


60*5 



Thomas W. Traill, Esq., 

The Engineer, Surveyor-in-Chief, 

13, Downing Street, Westminster, S.W, 
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Tabib 2. 

DfOLLED Holes and bj Punched Holes, under Fulling Stress* 

Messrs. The Steel Company of Scotland, 
quarter-inch. 























L 2978 i-inch 


L 2993 i-inch 


L 2979 i-inch 


L 2994 ^inch 


Punched. 
S.C.ofS.L.aS. 


Punched, 
S.C.ofS.L.G.S. 


Punched and an- 

needed. 
S.C.ofS.L.G.S. 


needed. ' 
S.C. of S. L.G.S. 


12«00 X '26 


12-00 X "24 


12-00 X -25 


12-00 X '24 


800 


2'88 


8-00 


2-88 


lbs. tons. 
129,870 = 68-0 


124,710 = 55-7 


lbs. tons. 
138,820=61-7 


lbs. tons. 
128,270 = 67-2 


43^90 « 19-3 


43^02-^19-3 


46,107^20*5 


u,33e = yp-6? 


70,763^31*6 


70,910^31*7 


70,765^31*6 


70^10 = 31*7 


61*1 


61-0 


63-2 


62*$ 


1007^ Silky 


1007, Silky 


100 7, Silky 


100 7, Silky 


•79 X 6 = 4'74 


• 79 X 6-4-74 


•79 X 6 = 4-74 


•79 X 6 = 4-74 


•13 + '06= ^19 


•13 + -05=. -18 


•26+ '15= -41 


•29 + -16= -45 


12*0 


11.4 


25*9 


2$*4 


60*5 


60-5 


60-5 


60-6 



(Signed) David Kibkaldy, 

99, Southwark Street, 

London^ S.E., 1st May 1878. 
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Table 3. • 

Eesdlts of Experiments to ascertain the Effects produced by 

Two Steel Plates, received direct from 

Komlnal thickness, 



Sketch of Plates with Holes. 






Test number and thickness 


L 3007 J-inch 


L 3022 4-inch 


Holes - - , 


Drilled. 


Drilled, 


Plates, brand 


S.C. of S.L.G.S. 


S.C.ofS.L.G.S. 


Plates, width and thickness 


12-Op X -SI 


12*00 X -51 


Plates, sectional area, gross 


6-12 


6-12 


Stress, total - 


lbs. tons. 
268,830= 120-0 


lbs. tons. 
269,570 = 120-3 


Stress per square inch of gross 
area at holes- - - - 


43,926 = /9'6 


Uy047 = 19^6 


Strestt per square inch of plates, 
H<jUil - - - - 


65,450 ^29 '2 


65,300 = 29-1 


Kutio of holes to solid 


67' 1 


67-4 


Appearance of fracture - 


100 °/o Silky 


100 7o Silky 


Holes, diameter and number 


•79 X 6 = 4-74 


•79 X 6 =4-74 


Holes, elongated, inch - 


•36 + -24= -60 


•35 + -22 = -57 


Holes, elongated, per cent. 


3S'0 


36-1 


Width of plates, less holes per- 
ceotage - - - 


60*5 


60-5 



Thomas W. Traill, Esq., 

The Engineer, Survey or-in-Chief, 

13, Downing Street, Westminster, S.W« 
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Tablr 3. 

Dbilled Holes and by Punched Holes, under FaUing Stress. 

Messrs. The Steel Companj of Scotland. 

half-inch. 



07144^7^ 

O o ^O O 

o ° ° ^O 
O o o O ^ 

0^ o O 



li 3008 J -inch 

Punched, 

S.C. of S.L.G.S. 

^•00 X '51 

6-12 

lbs. tons. 
227,780 = 101-7 

37^19 = 16' 6 

65450 =292 
56'9 

95 7, Silky 
5 7o Granular. 

•79 X 6 = 4-74 

•22 + -07 = -29 

1S'3 

60-5 



L 3023 i-inch 

Punched, 

S.C.ofS.L.G.S. 

12*00 X -51 

6-12 

lbs. tons. 
229,320= 102-3 

S7A7i-=i6-7 

65^00^29-1 



57'3 


100% Silky 


79 X 6= 4^74 


3 + -07 = -30 


18-7 


60-5 



L 3009 ^inch 

Punched and an- 
nealed, 
S.C. of S.L.G.S. 

12-00 X '51 

6^12 

lbs. . tons. . 
251,880= 112-4 

41,157 = 1S'3 

65^50^29-2 
62'9 

100 °/o Silky 

•79 X 6 = 4-74 

'36 + •19 = '55 

34-S 

60-5 



L 3024 i-inch 

Punched and an- 
nealed, 
S.C.ofS.L.G.S. 

12-00 X '51 

6-12 

lbs. tons. 
259-610= 115-9 

42419 = IS'S 

65,300^ 29 '1 

64'S 

100% Silky 

-79 X 6 = 4-74 

•37 + -19= -56 

35'4 

60-5 



(Signed) David Kibkaldt, 

99, Southwark Street, 

London, S.E., 1st May 1878 
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Table 4. 

Bbsults of Experiments to ascertain the Effects produced bj 

Two Steel Plates received direct firom 

Nominal thickness. 



Sketch of Plates with Holes. 



Test Qomber and thickness 
Holes - - - 

Plates, brand 

Plates, width and thickness 
Plates, sectional area, gross 

Stress total 

Stress per square inch of 
gross area at holes 

Stress per square inch of 
plates solid 

Batio of holes to solid 

Appearance of fracture 

Holes, diameter and number 

HoleSj elongated, inch 

Holes, elongated per cent. - 

Width of plates less holes 
per-ceutage 



L 3037 |-inch. 

JDriUed. 

S.C. of S.L.G.S. 

12-OOx -77 

9*24 

lbs. tons. 
887,760 =173*1 

4i, 965^ IS* 7 

64y457^SS'7 
65-1 

95% Silky 
57o Granular 

•79x6=4-74 

•39+ '25= -64 

40-5 

60-5 



L 3052 1-inch. 

DrdUd. 
S.a of S.L.G.S. 

12;00x -77 

9*24 

lbs. tons. 
428,320=191*2 

46^54=^20-6 

6S,76i-^30*7 
67-4 

' 92% Silky 
8<»/o Granular 

1-08x4=4*32 

-48+-27=*75 

34' 7 

64-0 



Thomas W. Traill, Esq., 

The Engineer Surveyor-in-Chief, 

13, Downing Street, Westminster, S,W. 
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Table 4. 

Drilled Holes and by Ponchrd Holbs, under Palling Stress. 

Messrs. The Steel Company of Scotland. 

tiuee-qnaiter-iiich. 



L 3087, 3038, 3039. 



L 3052, 3053, 3054. 



\MJ 



& 



6? o^^o 



^fi^ 



O 

o 

^O o o 0° 

o , , o 



'O O 



J L 



L 3038 }-inch 

Punched, 

S.C.ofS.L.G.S. 

12'00x -77 

9-24 

lbs. tons. 
301,350=134-5 

64^7 --2S' 7 
50*6 

30°/o Silky 
70«»/o Granular. 

•79x6=4-74 

•ll+-06=-17 

10-7 

60-5 



L 3053 f-inch 

Punched, 

S.C. of S.L.G.S. 

12-OOx -77 

9-24 

lbs. tons. 
350,810=156*6 

87,967 ^i7'0 

6$y76i=30'7 
55*2 

457o Silky 
557o Granular. 

1-08x4=4-32 

•19+-06=-25 

i1'6 

64-0 



L3039|.inch 

Punched and an- 

nealed 
S.C. of SX.G.S. 

12-OOx -77 

9-24 

lbs. tons. 
363,080=162-1 



39^94^^17*5 

64^7=^*7 

60*9 
100% Silky 

•79x6=4-74 

•34+ -22= -56 

35*4 

60-5 



L 3054 {.inch. 

Punchy and an- 
nealed. 
S.C. of S.L.G.S 

12-OOx -77 

9-24 

lbs. tons. 
412,240=184-0 

Ufi15=i9'9 

6$,76i^30*7 

64'9 
100% Silky 

1 -08x4=4*32 

-39+-27=-66 

30*6 

64-0 



(Signed) David Kerkaldy, 

99, Southwark Street, 

London, S.E., 3rd May 1878. 
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Table 5. 

R£8ULTS of ExPEBiMENTS to ascertain the Effects produced by 

Two Steel Plates received direct from 

Nominal thickness. 



Sketch of Plates with Holes. 






Test number and thickness 


L 3067 1-inch 


L 3082 1-inch 


Holes . - - - 


Drilled, 


Drilled, 


Plates, brand . - 


S.C. of S.L.G.S. 


S.C. of S.L.G.S. 


Plates, width and thicknefis 


12-00 X -99 


12-OOx -98 


Plates, sectional area, gross 


11-88 


11-76 




lbs. tons. 


lbs. tons. 


Stress total - - - 


504,550=225-2 


465,820=207-9 


Stress per square inch of 
gross area at holes 


4^^70^i9'0 


39,610=17-6 


SlTem per square inch of 
plates Bolid - - 


62,342^27-S 


61,B62=27'6 


Katio of holes to solid 


6S'1 


640 


Appetirance of fracture - 


20-/ Silky 
80% Granular. 


937o Silky 
7% Granular. 


Holes, diameter and number 


l-08x4=4-32 


•79x6=4-74 


Holes, elongated inch 


•32+ -24= -56 


-42+ '23= -65 


Holes, elongated per cent. 


25-9 


41-1 


Width of plates less holes 






pei-centage 


64-0 


60-5 



Thomas W. Traill, Esq., 

The Engineer Surveyor-in-Chief, 

13 Downing Street, Westminster. 



Digitized by 



Google 



i 



81 



Table 5.. 



Drilled Holes and by Punched Holes, under Pulling Stress. 
Messrs. The Steel Company of Scotland. 



one inch. 



L 3082. 



L 3067, 3068, 3069, 3083, 3084. 



O^ oo ^O 

O I rj o 



f 



L 



So 


1 •'^ 1 o 
V^o 


o9 


o O^'O^ 


^o 


O o 


o 


« ^ o 


o 


O 


o 


1 — 1 ^ 



L 3068 l-inch. 

Punched* 

S.C. of S.L.G.S. 

12-OOx -99 

11-88 

lbs. tons. 
350,870=. 156 -6 

6S,342^S7'S 

47-4 
1007^ Granular 

l-08x4=4-32 
•06+ -01= -07 

640 



L 3083 1-inch. 

Punched, 

S.C. of S.L.G.S. 

12-OOx -99 

11-88 

lbs. tons. 
865,520:=: 163 -2 

30J67^13*7 

6i,S62^27'6 

49-7 

37„ Silky 
977^ Granular 

1-08x4=4-32 

•08+ -04= -12 

5-3 

64-0 



L 3069 1-inch. 

Punched and an- 
nealed, . 
S.C. of S.L.G.S. 

12-OOx -99 

11-88 

lbs. tons. 
469,720 = 209-7 



39y53^'=i7'6 

62,32^^27'^ 
63i4 

837 Saky 
177o Granular 

1-08x4=4-32 

-45 +-23= -68 

31 '4 

64-0 



L 3084 1-inch. 

Punched and an- 
nealed. 
S.C. of S.L.G.S. 

12-OOx -99 

11-88 

lbs. tons. 
478,330 = 213-5 



40^e3^1§'0 

6i, 862^27 '6 

65' i 
1007^ Silky 

1-08x4=4-32 

•41 + -20= -61 

2^-2 

640 



(Signed) David Kikkaldy, 

99. Soulhwark Street, 

' London, S.E., 3rd Mav 1878. 
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. Table 6. 

Results of Expebibients I.0 ascertain the Ultimate Tensile 
from Steel Plates and Rivets. Messrs. 

Nominal thicknesses t 



Sketch of Joint with Sizes 




000 dp 000 




^ 13.50— -> 


Test number and thickness - - - 


L 2980 :^inch. 


Description of joint - - - - 


Lap, Triple riveted 


Machine or hand riveted 


Machine 


Rivet holes - - - - 


Drilled 


Plates, brand ... - 


S. C. of S.L.G.S. 


Plates, width and thickness - - . - 


13-50 X -26 


Plates, sectional area, gross - - - 


3375 


Stress, total .... 


lbs. tons.. 
199,820 = 89 


Stress per sqaare-inch of gross area joint 


59fi5S = S6'3 


Stress per square-inch of plates, solid 


7OJ6S ^ 3i'6 


Ratio of joint to solid plate, per-centage 


S3'4 


Where fractured - - - . 


Plate at rivet holes 
lengthway, 100 % Silky 


Rivets, diameter, area, and number - 


Steel -46 = -1.59 X 24 X 1 


Rivets, sectional area total square inches 


3*816 


Shearing stress per square inch of rivet area 


52^82 - 23-3 


Tensile stress per square inch of rivet area - 


69,^45 = 31*2 


Batio of shearing to tensile per-centage 




Rivets not sheared 



The holes were drilled here aad the 



Thomas W. Traill, Esq., 

The Engineer Surveyor-in-Chie£, 

13, Downing Street, Westminster, S.W. 
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Table 6. 

Strength of Four Riveted Joints made to your Instructions 
The Steel Company of Scotland, 
qnarter and half-inch. 




^ji ^H^ 



O O O i^O o o 

o o o <So o o 



1 'Ti 

ft 



ilK 






.•.•.I 



' 13-50 - 



2995 J-inch 

Lap, Triple riveted 

Machine 

Drilled 

S. C. of S.L.G.S. 

14-00 X '24 

3-360 

lbs. tons. 

188,140 = 84-0 

55,994 ^25-0 

10,910 = 3i'7 

79-0 

21 rivets sheared 

Steel-45 = -159x21 x 1 

3-339 

56,346^ 25' i 

69y^43 ^3i'2 

80-7 



L 3010 i-inch 

Lap, Triple riveted 

Machine 

Drilled 

S.C.ofS.L.G.S. 

1300 X -61 

6-630 

lbs. tons. 

332,640= 148-5 

50,172 « :gg-3 

65,300^29-1 

76-8 

Plate at rivet holes 

crossway, 95°/^ Silky 

5®/o Granular 

Steel -64«-321x 21x1 

6-741 

49,346 ^22*0 

6^,550'^ 30-6 

Rivets not sheared 



L 3025 ^-inch 

Lap, Triple riveted 

Machine 

Drilled 

S. C. ofS.KG.S. 

13-50 X '51 

6-885 

lbs. tons 

330,180 = 147-4 

47,956 =^21'5 

65,300 =^ 29-1 

73-4 

18 rivets sheared 

Steel -64 ='321 x 18 x 1 

5-778 

57,144 -25-5 

6§,550 = 30-6 

84-2 



plates riveted together by Messrs. J. and G. Rennie. 



(Signed) David Kirkaldt, 

99, Southwark Street, 
London, S.E., 8th May 1878. 
F 2 
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Table 7. 
Results of Experiments to ascertain the Ultimate Tensile 
from Steel Plates and Rivets. Messrs. 

Nominal thicknesses 



Sketch of Joint with Sizes. 




o o^o o 
o oS^ o 




< 1|;75— -> 


Test number and thickness . - - 
Description of joint - - - - 
Machine or hand riveted - - - 
Kivet holes - - - - - 
Plates, brand - - - - - 
Plates, width and thickness - - - 
Plates, sectional area gross - - - 

Stress, total ---«•- 
Stress per square-inch of gross area, joint 
Stress per square-inch of plates, solid - 
Ratio of joint to solid plate per-centage 
Where fractured - - - 

Rivets, diameter, area and number 
Eatio sectional area, total square inches 
Shearing stress per square inch of rivet area - 
Tensile stress per square inch of rivet area 
Batio of shearing to tensile, per-centage 


L 3040 f inch 

Lap, Triple riveted 

Machine. 

Dnlled, 

S.C.ofS.L.G.S. 

11-75 X -78 

9-165 

lbs. tons. 
423,180 « 188-9 

46,i73 ^20-6 

64,050 = 2^-6 

72'i^ 

Plate at rivet holes 
crossway, 100% Silky 

Steel -95 - -708 x 12 x 1 

8-496 

49yS09 = 22*2 

64,203 = 2S'6 

Rivets not sheared 



The holes were drilled here and the plates 



Thomas W. Traill, Esq., 

The Engineer Surveyor-in-Chief, 

13, Downing Street, Westminster, S.W. 
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Table 7/ . 

Strength of Four Riveted Joints made to your Instructions 
The Steel Company of Scotland, 
three-quarter and one inch. 



i*3i-^: f3i 


^■1 


• 


•f^ 


m 


• 


•^ 


m 


• 


»^^ 

■^ 


• i 


^: 


— j+'., . 





_£3wj ,t!^!i_ 

Ch^O 
O^ 




f- J2*aj » 





^t-J-3lW 






^^..„/0-|t ^ 






) 



li a055 I inch 

Lap, Triple rivet^<l 

Mauhine. 

S.a of S.L.GJ, 

U-00 X -77 

10 "780 

]bs. tons. 

455,210 = 203*2 

6^,045 = ao-4 

12 riTets slieiiT«d 

Steel -95= -708 X 12 X 

8*496 

53,d79= 23*9 

64^03 = 2&'6 

83-4 



L 3070 1 inch 

Lap, Triple rivet&d 

Machine. 

Drilled. 

S.C. of S.L.(i.S. 

12-35 X 1*01 

12-373 

tbs. ioTis. 

5ae»240 = 235"8 

4Z,€90^ iO^i 

6?,^0 = £7-7 

Plate at rivet holes i 
crossway 70°/^ Silky, 
30°/o Granular. 

Steell-08« -916x12x1 

10-992 

4^,057 ^21-5 

67y3§3 = 30-2 

Rivets not sheared 



L 30S5 1 iuch 

Lapj Triple riveted 

Machine. 

iO'sa X 1-00 

10*880 

Iha. tQna. 

44fl,220 ^ 399-2 

4^,0i3 = m^H 

61^05 =27-5 

66^7 

9 rivets sheared 

Steel 1-08= -916 x9xl 

8-244 

34,127 = 24*1 

67y5S5 = 30-2 

80-1 



riveted together by Messrs. J. & G. Rennie. 

(Signed) David Kikkaldt, 

99, SontliTvark Street^ 

London, S.E., 8th May 1878. 
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• Table 8. 

:.ESULT of Experiments to ascertain the Tensile Strength and Quality of the 

and Rivets. Messrs. The 



pl 


i 


Original 


Stress. 


Ratio of Elastic 
to Ultimate. 


Fracture. 


Stress per square 
inch of Frac- 
tured Area. 


Exten- 
sion. 


^ 




1 


1 


Elastic per 
jquare inch. 


Ultimate per 
square inch. 


1 


i 


Difference. 






§2 

S ;3 


1 


pr. cent. 


< 




M. 


in. 


in 


lb8.=ton8. 


lbs.=tons. 


percent 


iw. 


sq. 
in. 


H; 


percent 


lbs. 










741 


•867 


•100 


48,700=21-7 


72.460=82 •S 


67-2 


•19 


•028 


-072 


72-0 


260,760 






Silky 




W9 


do. 


do. 


46,600«20^7 


e9.6eo=si^i 


66-7 


•20 


•081 


•069 


69-0 


22^709 






do. 


ivets ^'' 
[i 2995 
L 2980 


788 


do. 


do. 


46,600=20^8 


68,780=30-7 


66-2 


'21 


•034 


•066 


66^0 


202,294 






do. 




740 


do. 


do. 


46,400=30^2 


68,400=30 •e 


66-2 


•20 


•031 


•069 


69-0 


220,986 


5 

o 




do.' 




- 


- 










- 


- 


- 






H 

1 

s 






Mean - 


«6,550>aO*7 


69,««5=31-a 


€€'€ 


69^0 


226,672 






746 


•461 


•160 


46,200=20^6 


69,630=81 


66'4 


•28 


•061 


•099 


61^9 


182,878 


•S 

OS 

.s 

i 

•g 




Silky 




742 


do. 


do. 


46,900=20^6 


68.740=80 • 7 


66-7 


•26 


■053 


•107 


66^9 


207,617 


^ 




do. 


livets r 
L3025 
L 3010 






























744 


do. 


do. 


46,800=20-6 


68,620=80-7 


66-7 


•28 


-061 


-099 


61^9 


179,987 






do. 




748 


do. 


do. 


43,600=W6 


67,810=80-0 


64-7 


•27 


•057 


•108 


64-4 


188,940 






do. 


tfean 


- 


- 


- 


45,375=20-3 


6«,550=30*6 


66*1 


- 


1 


- 


63*« 


1«9,704 









Thomas W. Traill, Esq., 

The Engineer Surveyor-in-Chief, 

13, Downing Street, Westminster, S.W. 
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Table 8. 

EEL Rivets used by Messrs. J. k G. Rennie iu* Riveted Joints of Steel Plater 
5el Company of Scotland. 



o 

Pi 

III 



Original 



M. 

i 749 



Strees. 



Elastic per 
square inch. 



m. 
•714 



748; do. 



hrets H' 

i8055 

IiSOlO 



lean - 



liTets 

>80S5 
8070 



i 



746 



747 



do. 



do. 



7531 -798 



760, do. 



I 
7521 do. 



, 751 do. 



do. 



do. 



do. 



600 



do. 



do. 



do. 



Ib8.=ix)n8. 
39,900=17 '8 

39,700=17-7 

81),100=17'6 

88.600=17-2 



39,325=17-5 



intimate per 
square inch. 



■s. 
«i 
11 



Fracture. 



Difference. 



pr. cent. 






Bxten. 


o 


sion. 




- - 


^d 






^ a 






fd 






n 






o>^ 






< 



lb8.=ton8. pr.cent.jin. 
0=29-3 I 60-7 I -43 



64,970=29-0 ! 61 l '43 



68,610=28-4 ( 61-4 



m. pr.cent. 



146|-265 63-7 



I 



'43 



62,540=27-9 61*7 i '44 



64,203=2«-6 61*2 - 



42,200=18-8 



41,800 =-18-6 



40.600=18-1 



40,100=17-9 






*w-^ 



41,150=18-3 



68,280=30-6 i 61-8 i 49 



67,680=801 1 61-8 



67,660=301 I 59-9 



[6,920=-29-8 ' 69-9 

1 J 



-60 



67,5S5=30'1 I 60'8 

1 i 



146 



146 



2661 63-7 



266 63-7 

I 



248' 620 



lbs. 
181,213 

179,227 

176,475 



164,678 g 



I 



- •«»-a 



175,123 



-188 -312 62-4 



188 



196 



•312 62-4 



!i 
I * 

181,595 I ^ 
179,734 ! 8 



804 60*8 172,346 



! 



'304' 60-8 



170,714 



- 61-6 176,097 



Silky 



do. 



do. 



do 



Silki 



do. 



do 



do 



(Signed) David Kirkaldy, 

99, Southwark Street, 

London, 4th May 1878. 
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Table 9. 

Results of Experimknts to ascertain the Resistance to Bending 
Distance between supports ten inches. Nominal thicknesses : quai'ter. 







Tested 


in same condition as received. 






Stamped. 




Lengthway. 




Crossway. 


Test 
No. 


Thick- 
ness. 


Stress. 


Angle. 


1 
Effects. 


Test 
No. 


Thick- 
ness. 


Stress. 


Angle. 


Effects. 




L. 


inch. 


lbs. 


degrees 




L. 


inch. 


lbs. 


degrees 




4 


2981 


0-25 


1,103 


180 


Un- 
cracked. 


2,982 


0-25 


1,085 


180 


Cracked 
slightly. 


4 


2996 


0-24 


1,145 


180 


Do. 


2,997 


0-24 


1,100 


180 


Do. 


2 


3011 


0-52 


4,411 


180 


Do. 


3,012 


0-52 


4,385 


180 


Do. 


2 


3026 


0-52 


4,330 


180 


Cracked 
slightly. 


3,027 


0-62 


4,492 


180 


Do. 


9 


3041 


0-77 


10,240 


140 


Broken. 


3,042 


0-78 


10,960 


140 


Cracked 





3056 


0-77 


11,292 


180 


Un- 
cracked. 


3,057 


0-77 


11,331 


180 


Do. 


7-8 


3071 


0-99 


17,496 


180 


Do. 


3,072 


1-00 


17,276 


130 


Broken. 


7-8 


3086 


1-00 


17,964 


180 


Do. 


3,087 


1-01 


17,424 


120 


Do. 



All planed exactly 2*5 inches wide. 



Thomas W. Traill, Esq., 

The Engineer Surveyor-in- Chief, 

13, Downing Street, Westminster. S.W. 
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Table 9. 

Stbess of Eight Steel Plates. Messrs. The Steel Company of Scotland, 
half, three-quarter, and one inch. Distance between supports ten inches. 



After heiog heated and cooled in water 


Stamped. 


' 


Lengthway. 


Crossway. 


Test 
No. 


Thick- 
ness, 


Stress. 


Angle. 


Effects. 


Test 
No. 


Thick- 
ness. 


Stress. 


Angle. 


Effects. 




L. 


inch. 


lbs. 


degrees 




L. 


inch. 


lbs. 


degrees 


• 


4 


2983 


0-25 


1,126 


180 


Un- 
cracked. 


2,984 


0-25 


1,091 


160 


Cracked 
slightly. 


4 


2998 


0-24 


1,164 


180 


Do. 


2,999 


0-24 


1,143 


180 


Cracked. 


2 


3013 


0-52 


4,596 


180 


Cracked 
sUghtly. 


3,014 


0-52 


4,544 


180 


Cracked 
slightly. 


2 


3028 


0-52 


4,550 


180 


Un- 
cracked. 


3,029 


0-52 


4,582 


170 


Do. 


9 


3043 


0-77 


11,784 


180 


Cracked 


3,044 


0-77 


11,411 


160 


Broken. 





3058 


0-77 


12,032 


180 


Do. 


3,059 


0-76 


12,538 


70 


Do. 


7-8 


3073 


0-99 


19,016 


150 


Broken. 


3,074 


1-00 


20,444 


68 


Do, 


7^8 


3088 


1*00 


20,468 


135 


Do. 


3,089 


1-01 


20,288 


110 


Do. 



All .planed exactly 2 • 5 inches wide. 



(Signed) David Kibkaldy, 

99, Southwark Street, 

London, S.E., 18th May 1878. 
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Table 10. 

Results of Experiments to ascertain the Resistance to Bul'sino Stress of Steel Plates. 

Messrs. The Steel Company of Scotland. 

Nommal thicknesses : quarter, half, and three-quarters-inch. 




i 


is 


Stress in pounds. 


Bulged inches. 


mthnate. 


1 

Effects. 


limped. 


s" 


60,04K) 
75,000 
100,000 


125.000 
160,000 


175,000 
200,000' 


i 


260,000 
275,000 
300,000 


Bulge. 
Stress. 




L. 


inch. 


























inch. 


lbs. 




4 


2976 


•25 


-76 


1-46 


2^06 


— 


— 


- 


— 


— 


— 


— 


— 


— 


3-02 


86,360 


Uncracked. 


4 


2991 


•24 


0-78 


1-50 


218 


— 


— 


— 


— 


_ 


-- 


~ 


-- 


— 


3^02 


82,320 


do. 


2 


8006 


•52 


0-46 


1-00 


1-40 


1*70 


1-98 


2-27 


2-66 


__ 


— 


— 


— 


— 


8-22 


188,980 


do. 


2 


3021 


•62 


0*48 


0-95 


133 


1-67 


1*93 


2 24 


2-64 


_ 


— 


— 


— 


— 


3-22 


186,180 


do. 


9 


3036 


•77 


0*22 


0-50 


©•80 


1-11 


1-34 


1-64 


1^75 


1^9* 


2-10 


2-30 


2-48 


2-7 


3-46 


335,210 


Cracked. 





3051 


•77 


0-2. 


©•48 


0-77 


1-04 


1-32 


5 4 


1-68 


1-86 


1-99 


2^17 


2^38 


2'6 


3-46 


341,240 


do. 



Disc twelve inches diameter cut out of plates, and pressed into aperture ten inches diameter. 

Table 11. 
Sketch showing Position of Specimens, the Number being all stamped on the Plates previous 

to the pieces being cut off. 



L. 
2979 
2994 
3009 
3024 
3039 
3054 
3009 
3084 



2988 
3003 
,3018 



308 3 

loJ 3 ^^'^• 
307 8 



Punched holes and annealed. ^® 



3006 
3021 



2978 
2993 
8008 
3023 
3038 
3063 
3068 
3083 



3036 Bulging. 

3051 

3066 

3081 



Punched Holes. 



3012 

3027 



3042 

jQ^g Bending. 

3087 



2970 
2985 
8000 
3016 
3030 
3045 
3060 
3075 

Pul- 
ling. 



2977 
2992 
3007 

1^^ Drilled Holes. 

3052 
3067 
3082 



2971 


2972 


2981 


2986 


2987 


2996 


3001 


30)12 


3011 


3016 


3017 


3026 


3031 


3032 


3041 


3046 


3047 


3056 


3061 


3062 


3071 


3076 


3077 


-3086 


Pulling. 


Spare. 


Bending. 



2983 
2998 
3013 
3038 
3043 
3058 
3073 
3088 

Bending. 



2980 
2996 
3010 
3026 
3040 
3066 
3070 
3085 



3010 
3025 
3040 
3055 
3070 
3085 



3014 
3029 



-Riveted Joints. 



I Riveted Joints. 



3044 

3059 -n^^^. „ 
30y4 Bending. 



2976 

2990 

3005 

3020_ 

2974 

2989 

8004 

3019 



3085 

3066 oP*"^' 

3080 

3034 

ISS ^^^^«' 
3079 



Dimensions of plates six feet by three feet. 
rhomas W. Traill, Esq. (Signed) David Kibkaldt, 

The Engineer Surveyor-in Chief, 99, Southwark Street, London, S.E* 

18, Downing Street, Westminster, S.W. Digitized t 20th May 1878. 
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Table 12. 

SuMMAKY of the Results of Experiments to ascertain the Elastic and Ultimate 

Tensile Strength of Twelve Pieces of Steel Plates, received from Garston. 







1 


Nominal thicknes 


ses : quarter, th 


ree-ei| 


?hths. 


and half inch. 










i 


1 


Stress. 


S 
.2 
1 

4 


< 

11 

1^ 


OQ 


Extension Set in 
ten Inches. 


1 


Elastic per 
square inch. 


Ultimate per 
square inch. 


1 


1^ 


1 


1 

jLengthway. 


M. 


inch. 


lbs. tons. 


lbs. tons. 


per 
cent 


per 
cent. 


lbs. 


per 
cent. 


per 
cent. 


per 
cent. 




IW. 


1703 


•28 


39,800=17-7 


68,910=30-7 


67-7 


60-2 


138,361 


1*49 


6-18 


20*9 


Silky. 


6W. 


1718 


•28 


39,600=17-6 


68,720=30-6 


67-4 


48*9 


134,656 


1-81 


6-03 


26-2 


do. 


1 5W. 


1711 


•38 


S7,300=16-6 


68,440=30-5 


64-6 


46-0 


124,436 


3-60 


7-61 


27*8 


do. 


j 2W. 


1706 


•60 


36,700= WO 


66,960=29-6 


64-1 


46*1 


122,374 


4*18 


9-50 


28*8 


do. 


1 

3W. 


1707 


•60 


86,600=16-8 


66,710=29-3 


64-0 


43*9 


117,130 


4*39 


9-70 


26*2 


do. 


4W. 

Crossway. 


1709 


•88 
Mean 


84,400=16-3 


63.780=28-6 


63-9 


40*7 


126,890 


4^84 


U-10 


29*6 


do. 


37,033=1^*5 


66,920=30^0 


55-3 


47-3 


127,289 


3-38 


8-19 


26*6 


















lA. 


1717 


•27 


89,800=17*7 


67,880=80-2 


68-6 


4£^0 


117,108 


112 


6-22 


18*6 


Silky. 


6 A. 


1727 


•27 


39.600=17-6 


67,490=30^1 


68*6 


42*2 


116,807 


1*58 


6-36 


18-8 


do. 


5 A. 


1726 


•88 


36,800=16-6 


66,840=29^4 


66-9 


41-0 


111,691 


8*96 


8-91 


22*9 


do. 


4A. 


1728 


•39 


86,400=16^2 


66,280=29*1 


66-7 


42-9 


114,422 


4*77 


9*90 


23-8 


do. 


2A, 


1719 


•62 


32,700=14*6 


64.920=29*0 


60-3 


46*3 


120,996 


6-21 


11-40 


28-8 


do. 


3A. 


1721 


•61 
Mean 


32,300=14-4 


63,960=28^5 


50-6 


42-6 


111,619 


5-38 


12-80 


26*7 


do. 




36,266=16*2 


65,895=29-5 


54-9 


42-8 


115,424 


3*67 


8*26 


231 








M. 1709, 1717, 


1721, 1723, 172 


5. B 


rande 


' \ 


s 


J 







(Signed) David Kirkaldy, 
Thomas W. Traill, Esq., 99, Southwark Street, London, S.E., 

The Engineer Survejor-in-Chief, 19th June 1878. 

13, Downmg Street^ S.W. 
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Table 13. 

Summary of the Results of Experiments to ascertain the ElasHc 

Messrs. The Steel Co 

Nominal thicknesses : quarter, 



Lengthway. 


Stfunped. 


6 

1 


1 


Stress. 


S 

h 

r 


^1 

le 

II 


Stress 
per square 

inch of 
Fractured 

Area. 


Extension Set in 
ten inches. 




Elastic per 
square inch. 


Ultimate per 
square inch. 


is 
1? 

1^ 




B 


Aw>earaii 

of 
Fracture 




M. 


inch 


lbs. tons. 


lbs. tons. 


per 
cent. 


per 
cent. 


lbs. 


per 
cent. 


per 
cent. 


per 
cent. 




r 


2798 


•25 


39,600= 17^6 


68,710=30-6 


57-4 


420 


118.463 


1-72 


7-81 


26-4 


lOOVoSUi 


287 \ 
























i 


2797 


•26 
Mean 


36300=16-4 


67,620=30-2 


64*4 


47-6 


129,045 


3-81 


8-60 


26-0 


I>o. 


38,150=l9-0 


6«,165=30-4 


55-9 


440 


123,755 


2-76 


8*20 


26-2 




( 


2808 


•63 


36,100=16^6 


64,620=28-8 


64-8 


66-2 


' 147,634 


5-01 


11-2 


80-1 


Do. 


288 < 
























( 


2807 


•60 
Mean 


36,200=16-6 


64,410=28-7 


64-3 


58-2 


164,090 


4'96 


11-6 


30'5 


Do. 


35,150=15-6 


64,515=28-7 


54-3 


57-2 


150,812 


4-98 


11-4 


30-3 




290 -: 


2818 


•78 


36,500=16-8 


66,886=29-4 


53-8 


36-0 


102,989 


4-51 


9-9 


27-5 


97 °/o SUi 
S7obliit 


( 


2817 


•72 
Mean 


35,300=16 -7 


65,570=29-2 


53-8 


52-3 


137,638 


4-75 


101 


30.7 


lOOVoSU 


35,400=15*7 


65,727=29-3 


53-8 


44-1 


120,313 


4-63 


lO-O 


29-1 




( 


2827 


102 


34,800=16*5 


64,310=28-6 


54-1 


55-0 


143,222 


■ 
5'31 


11-2 


31-4 


I>o. 


289] 
























L 


2828 


roo 

Meap 


33,600=16-0 


62,865=28-1 


53*4 


65-2 


140,323 


5-98 


W5 


31-8 


l>o. 


34,200=15-2 


63,587=28-4 


53-7 


55-1 


141,772 


5-64 


12-3 


31-6 


. 



Thomas W. Traill, Esq., 

The Engineer Surveyor-in-Chief, 

13, Downing Street, Westminster, S.W, 
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Table 13. 



and Ultimate Tensile Stress of Four Steel Plates, received Direct from 
of Scotland. 



half, three quart 


ers, and one inch. 










* 








Crossway. 


tamped. 


J?; 


, 


Stress. 


s 


^2 
o s 

ll 

si 


Stress 
per square 

inch of 
Fractured 

Area. 


Extension Set in 
ten Inches. 




Elastic per 


Ultimate per 


is 


Is' 


P 


Appearanc 

of 
Fracture. 






i 


square inch. 


square inch. 


r 










M. 


inch. 


lbs. tons. 


lbs. tons. 


per 
cent. 


per 
cent. 


lbs. 


per 
cent. 


per 
cent. 


per 
cent. 




( 


2800 


•25 


39,300=17'6 


68^20=30-5 


57-6 


36*6^ 


107,760 


2*53 


7*24 


28*6 


100%SUk3 


287 i 
























( 


2799 


•26 
Mean 


3^400=16*2 


65,840=29*4 


55*2 


43-2 


115,915 


4-50 


9-80 


26*8 


Do. 


37^50=16« 


67,OSO=29-9 


56-3 


39-9 


111,«37 


3-51 


8-52 


252 




( 


2809 


•60 


3i800=W5 


6S,460=28-6 


54*8 


47*6 


121,141 


5*39 


13*1 


80*8 


Do. 


288 ] 
























( 


2810 


•60 
Mean 


34,200=W2 


62,140=27-7 


66*0 


41-2 


105,680 


6*08 


15*6 


31^2 


Do. 


3«,SOO=15^3 


62^io=a«o 


5«*9 


•" 


113,«10 


5-73 


14*3 


31-0 






2820 


•73 


86,200=16-6 


64,405=28-7 


54*6 


31*7 


94,813 


5*02 


11*1 


26*8 


Do. 


> 290 \ 
























(^ 


2819 


•72 
Mean 


36,100«16-6 


64,360=28*6 


54*5 


50*6 


130,532 


5*47 


11*5 


28*1 


57o^nula 


35,150=15'6 


64,3«3=2«-7 


5«-5 


41*1 


112,422 


5*24 


11*3 


27-2 




( 


2829 


1^00 


84.400b:15-3 


64,830=28*9 


58*0 


49*8 


127,996 


4*60 


10*2 


26*2 


1007oSillq 


289] 
























( 


2830 


1*02 
Mean 


33,200=W8 


62,540=27*9 


530 


44*9 


113,204 


5*96 


18*9 


27*6 


Do. 


33,«00=15^1 


63,685=2«*4 


53-0 


47-0 


120,600 


5-2S 


12-0 


26-9 




' 


(Signed) David Kirkaldy, 




99, Southwark Street, 




London^ S.E., 20th November 1878. 
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Tablb 14. 

Result of Experiments to ascertain the Ultimate Tensile 

from Steel Plates and Rivets. Messrs. 

Nominal thicknesses 



Sketch of Joint with Sites. 




, (3.50 ♦ 



Test number and thickness 

Description of joint - - - 

Machine or hand riveted 

Rivet holes - - 

Plates, brand . - - - 

Plates, width and thickness 

Plates, sectional area, gross 

Stress, total - - . - 

Stress per square inch of gross area, joint 
Stress per square inch of plates, solid - 
Ratio of joint to solid plate per-centage 
Where fractured 

Rivets, diameter, area, and number ' - 
Rivets, sectional area, total square inches 
Shearing stress per square inch of rivet area 
Tensile stress per square inch of rivet area 
Ratio of shearing to tensile per-centage 



, 



M 2S01 i inch 

Lap, Triple riveted 

Machine. 

Punched. 

Steel Co. of Scotland. 

13-50 X -25 

3-375 

lb«. tons. 

172,830 = 77-1 

3i^09 ^22'$ 

67fi$0 ^29-9 

76-3 

Plate at rivet holes 
crossway, 100 7o Silky 

Steel -47 -c=-178 x 24 x 1 
4- 152 

78,310 ^32-7 
Rivets not sheared 



The holes were punched and the plates riveted together by Messrs. J. and 
Thomas W. Traill, Esq., 

The Engineer Surveyor-in-Chief, 

13, Downing Street, Westminster, SiW. 
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Table 14. 
Strength of Four Riveted Joints made to your Instructions 
The Steel Company of Scotland, 
quarter and half-inch. 



HS-: y 


Nh' 




o 6 6c^ 
ooocg 


odd 

3 O O 

k>-o-o. 


o 
o 


<_»__-_l3-50— 


'> 



kUy 7llj 



O O Geo O 6 O 
O CJ^ O o 




M 2802 i inch 

Lap, Triple riveted 

Machine. 

Punched annealed. 

Steel Co. of Scotland. 

13-50 X -25 

3-375 

lbs. tons. 

179,180 = 80-0 

33,090 =^ S3'7 

67,OSO = 29'9 

79'i 

Plate at. rivet boles 
crossway, 100°/^ Silky 

Steel,- 47 =• 173x24x1 

4-162 

45/.55 = i9'2 

73,310 ^ 32'7 

Rivets not sheared 



M 2811^ inch 

Lap, Triple riveted 

Machine. 

Punched. 

Steel Co. of Scotland. 

13-10 X -50 

6-550 

lbs. tons. 

287,470= 128-3 

43,^^9 = i9'6 

6'2,f^iO = 26? -0 

69-9 

Plate at rivet holes 

crossway, 60 7o Silky, 

40 °/o Granular 

Steel,-66= -342x21x1 

7182 

40,0^6 = i7'S' 

67,197 = 30-0 

Rivets not sheared 



M 2812 i inch 

Lap, Triple riveted 

Machine. 

Punched annealed. 

Steel Co. of Scotland. 

13-10 X -50 

6*550 

lbs. tons. 

305,980 = 136-6 

46,7^5 = SO' 9 

62,SiO = SS'O 

74-4 

Plate at rivet holes 
crossway, 100 % Silky 

Steel, -66 = -342 x 21 x 1 

7-182 

42y604 ^ 190 

67y197 = 300 

Rivets not sheared 



G. Kenuie; they also annealed previous to riveting, these plates marked above. 
(Signed) David Kirkaldy, 

99, Southwark Street, 

London, S.E., 20th Nov. 1878. 
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Table 15. 

Results of Expebimekts to ascertain the Ultimate Tensile 

from Steel Pxates and Rivets. Messrs. 

Nominal thicknesses 



Sketch of Joint with Sizes. 








o ofo O 

O 0*0 


< U-75 :> 


Test number and thickness - . - 
Description of joint - - * - 
Machine or hand riveted - - - 
Rivet holes . . . . 
Plates, brand - . - - . 
Plates, width and thickness - - . 
Plates, sectional area, gross - - - 

Stress total 

Stress per square inch of gross area, joint 
Stress per square inch of plates, solid - 
Ratio of joint to solid plate per-centage 
Where fractured - - - - 

Rivets, diameter, area, and number 
Rivets, sectional area, total square inches 
Shearing stress per square inch of rivet area - 
Tensile stress per square inch of rivet area 
Ratio of shearing to tensile, per-centage 


M 2S21, J-inch 

Lap, Triple riveted 

Machine 

Punched 

Steel Co. of Scotland. 

11-75 X -725 

8*519 

lbs. tons. 
364,860 = 168-4 

64iS$3^2S*7 

64-7 

Plate at rivet holes 
crossway lOO^/^ granular 

Steel -97 = -739 x 12 x 1 

8-868 

40,016 ^17 '9 

71,165^ 31 'S 

Rivets not sheared 



The holes were punched and the plates riveted together by Messrs. J. and G. 
Thomas W. Traill, Esq., 

The Engineer Surveyor-in-Chief, 

13, Downing Street, Westminster, S.W. 
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Table 15. 

Strength of four Riveted Joints made to your Instructions 
The Steel Company of Scotland, 
three-quarters and one inch. 



O o=^ O 

O O^ O 
^ 11.75. — ^ 




o o^ o 
o o^ o 



-rs£S — ^ 



M 2822, j-incb 

Lap, Triple riveted 

Machine 

Punched annealed 

Steel Co. of Scotland. 

11 '75 X -725 

8-519 

lbs. tons. 

391,070= 174-6 

43,906 = 20-6 

64^§3 = 2§' 7 

7i'3 

Plate at rivet holes 

crossway 257o silky, 

75°/o graniJar 

Steel -97= -739 X 12x1 

8-868 

44,099== i9'7 

7i,i63 :=:=3i'S 

Rivets not sheared 



M2831, 1 inch 

Lap, Triple riveted 

Machine 

Punched 

Steel Co. of Scotland. 

J2-25 X 1-01 

12-372 

lbs. tons. 

242,780= 108-4 

i9,623=:S'^ 

63,6S5 = 2§'4 

30'S 

Plate at rivet holes 

crossway 

1007o granular 

-S'<ee/l-09 = -933xl2x 

11-196 

2i,6S4 = 9'7 

67,3S7 = 30-1 

Bivets not sheared 



M 2832, 1 inch. 

Lap, Triple riveted 

Machine 

Punched annealed 

Steel Co. of Scotland. 

12-25 X 1-01 

12-372 

lbs. tons. 

526,240= 234-9 

42,534=19-0 

63y6S5 =28' 4 

66'S 

Plate at rivet holes 
crossway 107o silky, 
90°/o granular 

Steel 1'09 = -933x12 xi 

11-196 

47,002 = 21-0 

67,3&7 = 30-i 

Bivets not sheared 



Bennie, they also annealed, previous to riveting, these plates marked above. 

Signed) Pavid Kirkaldt, 

99, Southwark Street, London, S.E. 
20th November 1678. 
Q 6364. Q 
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TABLE 16. 



Iesults of Experiments to ascertain the Tensile Strength and Quality of the Steel 

Rivets used by Messrs. J. & G. Rennie in Riveted Joints of Steel Plates. 

Messrs. The Steel Company of Scotland. 



Nominal size of 
Rivets and cor- 
respondingNos. 
of Joints. 


1 
1 


Original. 


Stress. 


II 

1" 


Fractured. 




Exten- 
sion. 




1 


1 


Elastic per 
square inch. 


Ultimate per 
square inch. 


1 


1 


Difference. 






1 


pr.cent. 




M. 


in. 


!l: 


lbs. tons. 


lbs. tons. 


pr.cent. 


in. 


?2: 


sq. 
m. 


pr. cent. 


lbs. 








Rivets I'g" 

M2801 

M2802 


3199 
8198 
8196 


•857 
do. 
do. 


•100 
do. 
do. 


48,500=21-6 
47,700=21-2 
47,300- ai'i 


75,120=38-6 
74,610=83-2 
73,040=82-6 


64-5 

64-0 
64-7 


•20 
-21 

•21 


-031 
-036 
•036 


•069 
•066 
•066 


69-0 
65-0 
65-0 


242,822 

212,885 
208,685 






Silky, 
do. 
do. 




8197 


do. 


do. 


45,200 a 20*1 


70,570=31-6 


64-0 


-20 


•031 


•069 


69-0 


227,646 






do. 


Mean - 


ft7,I75=2I-0 


73,310=32-7 


6ft- 3 


67- O 


222,88ft 


Rivets f" 

M2811 

M2812 


8203 
8202 
3200 


•561 
do. 
do. 


•160 
do. 
do. 


41,700b18-6 
41,400=18-6 
40,800=18-2 


68,880=30-7 
67,960=30-3 
66,420=29-6 


60-5 
60-9 
61-4 


-26 
-27 
-27 


-053 
•057 
-057 


•107 
•103 
•103 


66-8 
64-3 
643 


207,765 
190,764 
186,488 


i 




SUky. 
do. 
do. 




3201 

8204 
8206 
8205 


do. 

•714 
do. 
do. 


do. 

•400 
do. 
do. 


40,500=18-1 


66,680=29-2 


61-7 


-27 

•47 
•4S 
-46 


•057 

-173 
-145 
•166 


-103 

-227 
-265 
-234 


64^8 


184,070 


i 
1 

i 




do. 

SUky. 
do. 
do. 


Mean - 


ftI,IOO=I8-3 


67,197=30-0 


611 


6ft-9 

56-7 
63-7 
58-6 


192,257 


Rivets H" 
M 2821 
M2822 


41,900=18-6 
41,600=18-5 
40,800=18-2 


72,640=32-3 
71,020=31-6 
70,710=81*5 


57-6 
58^5 
57^7 


167,953 
195,917 
170,385 




8207 


do. 


do. 


40,400=18-0 


70,290=81-4 


57^4 


-45 


-169 


-241 


60-2 


176,880 




do. 


Mean - 


ftI,I75=I8-3 


71,165 = 31-7 


57-8 


59-8 


177,77X 




Rivetsl^" 
M2881 
M2832 


3208 
3209 
3211 


•798 
do. 
do. 


•500 
do. 
do. 


89,900=17-7 
39,600=17-6 
35,800=16-0 


72,680=82-3 

70,260=81-4 

' 63,850=28-5 


54^8 
56*2 
56-0 


-60 
•51 
•53 


•196 
•204 
•221 


-804 
•296 
•279 


60-8 
69-2 
56-8 


186,408 
172,206 
144,457 






SUky 
do. 
do. 




3210 


do. 


do- 


86,500=15-7 


62,760=28-0 


56-5 


•48 


•181 


-819 


63-8 


173,370 






do. 


Mean - 


37,675=16-7 


67,387=30-0 


55-8 


59-9 


168,860 





Thomas W. Traill, Esq., (Signed) David Kirkaldy, 

The Engineer Surveyor-in-Chief, 99, Southwark Street, 

13, Downmg Street, Westminster, S.W. London, S.E. 20th Nov. 1878. 
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Table 17. 

Results of Experiments to ascertain the resistance to Bexdini^ Stress of 
Four Steel Plates. Messrs. The Steel Company of Scotland, 

Distance between supports, Um inches. Nominal thicknesses, quarter, half, three quarters 
and one inch. Distance between supports ten inches. 





Tested in 


SAME Condition 


AS ] 


Received 






Brand and 
Stamped. 


Lengthway. 


Crossway. 


i 
1 


1 


S 


i 

a 
< 


Eflfects. 


d 


1 


1 


i 


Effects. 


Steel Company 
of Scotland. 


M. 


jnch. 


lbs. 


de- 
grees. 




M. 


inch. 


lbs. 


de- 
grees. 




287 . 


2803 


•25 


1,078 


180 


Uncracked 


2,804 


•26 


1,121 


180 


Cracked. 


288 


2813 


•50 


4,172 


180 


TJncracked 


2,814 


•50 


4,009 


180 


Uncracked. 


290 


2823 


•72 


9,611 


180 


Uncracked 


2,824 


•73 


9,414 


180 


Cracked 
slightly. 


289 


2833 


1-00 


19,076 


180 


Uncracked 


2,834 


1-01 


19,.S18 


180 


Uncracked. 


After bein 


Q Heated and Cooled in Water under Mr 
Directions. 


Samson's 


Brand and 


Lengthway. 


Crossway. 




03 










« 








Stamped. 


i 


1 


^ 


1 


Effects. 


1 

1 


1 


QQ 


1 


Effects. 


f Steel Company 
of Scotland. 


M. 


inch. 


lbs. 


de- 
grees. 




M. 


inch. 


lbs. 


de- 
grees. 




287 


2,805 


•25 


1,406 


150 


Cracked 
slightly. 


2,806 


•26 


1.493 


180 


Cracked. 


288 


2815 


•50 


6,331 


140 


Cracked 


2,816 


•50 


6,092 


125 


Broken. 


290 


2825 


•73 


13,164 


65 


Broken 


2,826 


•72 


12,782 


60 


Broken. 


289 


2835 


1-00 


28,054 


42 


Broken 


2.836 


1^01 


28,436 


32 


Broken. 



All planed exactly 2 • 5 inches wide. 

As plates are never subjected in actual practice to the above treatment I have always 

verbally objected to making such tests, and I now put my dissent on record, 

Thomas W. Traill, Esq., ^ (Signed) David Kirkaldt, 

The Engineer Surveyor-in-Chief, 99, Southwark Street, 

13, Downing Street, Westminster, S.W. London, S.E., 23rd Nov. 1878. . 

G 2 
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Table 18. 



Sketch showing Position of Specimens, the Numbers being all 
stamped on the Plates previous to the pieces being cut off. 
Messrs. The Steel Company of Scotland. 



Itllal 



S-SM! 



■S'2 



i 



ti 



la \ 



5i 

O 08 

'it 



S 

s 



•Is" \ 









_A 









si 



(Signed) David Kirkaldy, 
Thomas W. Traill, Esq., 99, Southwark Street, London, S.E, 

The Engineer Surveyor-in-Chief, 23M November 1878, 

13, Downing Street, Westminster, 
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Table 19. 

Preliminary Tests — Steel Rivets. 

Besults of Experiments to ascertain the Tensile Strength, &c. of Sixteen Steel 
Rivets, received from Messrs. The Steel Company of Scotland. 



I 

'■5 



Original. 


Q 


1 


turned. 


sq. in. 


•40 


•126 


do. 


do. 


do. 


do. 


do. 


do. 


'564 


•260 


do. 


do. 


do. 


do. 


do. 


do. 


•874 


•600 


do. 


do. 


do. 


do. 


do. 


do. 


1-128 


1-000 


do. 


do. 


do. 


do. 


do. 


do. 



Ultimate Stress. 



Total. 



Per square 

incn of 

Original Area. 



Fractured. 



Difference. 



Per Cent. 



II 



Exten- 
sion. 



L. 
S757 


A"dia. 


3758 


do. 


S760 


do. 


3759 


do. 


8764 


rdia. 


S76S 


do. 


3765 


do. 


3766 


do. 


3771 


irdia. 


3772 


do. 


8769 


do. 


8770 


do. 


8?75 


iV'dia. 


m 


do. 


»78 


do. 


1777 


do. 



8,848 
8,774 
8,608 
8,566 
14,928 
14,866 
14,834 
14,578 
36,507 



36,183 
36,084 
57,325 
67,210 
66,896 
66,646 



lbs. lbs. 
tons. 
70,222-) 



69,634 

68,317 

67,904j 

59.712 

59,424 

59,336 

58,312J 

60,845^ 

60,720 

60,805 

60,210j 

67,3261 

67,210 

66,895 

66,645. 



,69,019 
'30-8 



59,196 
26*6 



60,520 
27-0 



57,019 
25-6 



•26 
•26 
•34 
•33 
•33 
•31 
•58 



•046 
•049 
•053 
•049 
•091 
•085 
•086 
•075 
•264 
•273 
•302 
•292 
•396 
•374 
•407 
•386 



•081 
•077 
•073 
•077 
•159 
•166 
•166 
•175 
•336 
•327 
•298 
•308 
•604 



•616 



64^ 2" 

61^1 

57^9 

61^1J 

63^61 

66^0 

66-0 

70-OJ 

56^0" 

545 

49^6 

51^3J 

60-4" 

62^6 

59^3 

61^5J 



61^1 



60*9 



lbs. 



177,479 



176,: 78 



128,£87 



146,014 



Silky, 
do. 
do 
do 
do. 
do. 
do. 
do 
do. 
do 
do. 
do. 
do. 
do. 
do. 
do. 



Phomas W. Traill, Esq., (Signed) David Kirkaldy, 

The Engineer Surveyor-in^Chief, 99, Southwark Street, 

13, Downing Street, S.W. London, S.E,, 20th Nov. 1877. 
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Tablk 20. 



Results of ExperDtCent^ upon Steel Plates manufactured by the 
Stress) of Punching, Annealing after Punching, 

Nominal thickness 







Perforated Specimen. 














V 




V 


) 










oo 
o o 


^<- 




I0-. ^ ^ 




Holes, how 
perforated. 


Specimen if 
annealed. 


Nomi- 
nal 
Thick- 
ness. 


Actual 
Thick- 
ness. 


Width 

of 
Speci- 
men. 


Dia- 
meter of 
Holes. 


Elongation 

of Holes at 

Ulthnate 

Stress. 


Net 

Sectional 

Area of 

Specimen. 


1 


2 


3 


4 


6 


6 


7 


8 


9 


25 


Punched - 


Not annealed 


inch. 


inch. 
•26 


ins. 
1-65 


inch. 
•26 


per cent. 
U'5 


Bq. in. 
•29 


26 


Do. - 


Do. 




•26 


1-66 


•26 


7'G 


•29 


27 


Do. - 


Annealed - 




•26 


1-65 


•26 


346 


•29 


28 


Do. - 


Do. 




•26 


1-65 


•26 


38-4 


•29 


29 


Punched 

small and 

bored to 

size. 


Not annealed 




•26 


1-65 


•25 


20^0 


•29 


30 


Do. - 


Do. 




•26 


1-65 


•25 


24-0 


•29 


31 


Drilled - 


Do. 




•26 


1*66 


•25 


32-0 


•30 


32 


No holes - 


Do. 




•26 


1-17 


Nil 


— 


•30 
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Table 20, 



Steel Company of Scotland to ascertain the Eifects (under Pulling 
Boring after Punching^ and Drilling. 

of Plate, ^ inclu 



Unperforated Specimen. 

1^ 1 


TotalStress. 
Ultimate. 


Ultimate 

Stress per 

square inch 

of Gross 

Area. 


Ultimate 
Stress per 
square inch 

between 
Holes. 


Stress per 

Sqnarelnch 

of Net 

Section 

compared 

with Solid 

Plate. 


t 

Contraction 

of Area 
at Fracture. 


1 
Extension Set in t^jn Inches. 


At60,000lbs. 
per square 

inch of 
Net Area. 


At 60.000 

Lbs. per 

square inch 

of Net 

Area. 


Ultimate. 


10 


11 


12 


13 


14 


15 


16 


17 


lbs. 


lbs. 


lbs. 












tODS. 

18,340 
8-18 


tons. 
43,666 
19-49 


tons. 
63,241 
28-23 


per cent. 
93-6 


per cent. 
24-1 


per cent. 


per cent. 
-2 


per cent. 
1-9 


18,480 
8-25 


42,976 
19-18 


63,724 
28-44 


94-2 


24-1 


— 


-3 


1-5 


20,531 
9-16 


48,883 
21-82 


70,796 
31-60 


104-7 


41-3 


-1 


•5 


5-6 


20,531 
9-16 


48,883 
21-82 


70,796 
31-60 


104-7 


41-3 


— . 


-4 


6-1 


20,055 
8-95 


47,750 
21-31 


69,155 
30-87 


102-3 


20-6 


•1 


1-0 


3-9 


20,531 
9-16 


48,883 
21-82 


70,796 
31-60 


104-7 


27-5 


— 


-3 


4-6 


21,147 
9'44 


49,179 
21-95 


70,490 
31-46 


104-2 


36-6 


•2 


•5 


5-8 


20,279 
9-05 


67,596 
30-17 


67,596 
30-17 


— 


53-3 


3-5 


12-0 


22-9 
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Table 21. 



Results of Experiments upon Steel Plates manufectured by the 
Stress) of Punching, Annealing after Punching, 

Nominal thickness 



Perforated Specimen. 

o o 

O Q 

m 

10 *- 



•3 

h 

"S 

d 


Holes, how 
perforated. 


Specimen if 
annealed. 


Nomi- 
nal 
Thick- 
ness. 


Actual 
Thick- 
ness. 


Width 

of , 
Speci- 
men. 


Dia- 
neterof 
Holes. 


Elongation 

of Holes at 

Ultimate 

Stress. 


Net 

Sectional 

Area of 

Specimen. 


1 


2 


3 


4 


6 


6 


7 


8 


9 


21 


Punched - 


Not annealed 


inch. 


inch. 
•49 


ins. 
3-32 


inch. 
•5 


per cent. 
14^0 


sq. ins. 
1-13 


24 


Do. - 


Do. 


\ 


•5 


3-32 


•5 


10-0 


1^16 


19 


Do. - 


Amiealed - 


\ 


•6 


3-32 


•5 


40*0 


1-16 


20 


Do. - 


Do. 


i 


•6 


3-32 


•5 


46-0 


1-16 


17 


Punched 

small and 

bored to 

size. 


Not annealed 


\ 


•49 


3-32 


•49 


30-6 


1-14 


18 


Do. 


Do. 


\ 


•5 


3-32 


•49 


26^5 


1'17 


22 


Drilled - 


Do. 


\ 


•49 


3-31 


•5 


44*0 


1^13 


23 


No holes - 


Do. 


i 


•5 


2*32 


Nil 


— 


1^16 
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Table 21. 

Stbel CoMPANr OP Scotland to ascertain the Effects (under Pulling 
Boring after Punching, and Drilling. 

of Plate, ^ inch. 



Unperforated Specimen. 



TotalStress, 
Ultimate. 



Ultimate 

Stress per 

square inch 

of Gross 

Area. 



Ultimate 
Stress per 
Squarelncb 

between 
Holes. 



Stress per 
square inch 

of Net 

Seution 

compared 

with Solid 

Plate. 



Contraction 

of Area 
atPracture. 



Extension Set in 10 Inches. 



At 60,000lbs, 

per square 

inch of 

Net Area. 



At 60,000 

Lbs. per 

square mch 

of Net 

Area. 



Ultimate. 



10 



11 



12 



13 



14 



15 



16 



17 



lbs. 
tons. 
65,142 

29-08 

64,820 
28-93 

75,320 
33-62 

77,448 
34-57 

80,423 
35-90 



79,240 
35-37 

79,408 
35-45 

71,953 
32-12 



lbs. 
tons. 
40,211 

17-95 

39,048 
17-43 

45,373 
20-25 

46,655 
20-82 

49,643 
22-16 



47,734 
21-30 

49,017 
21-88 

62,028 
27-69 



tons. 
57,647 
25-73 

55,879 
24-94 

64,931 
28-98 

66,765 
29-80 

70,546 
31-49 



67,726 
30-23 

70,272 
31-37 

62,028 
27-69 



per cent. 
92-9 



90-0 
104-6 
107-6 
113-7 

109-1 
113-2 



per cent. 
16-8 



21-5 
39-6 
35-3 
28-9 

29-0 
32-7 
50-0 



per cent. 
•5 



per cent. 
Broken 



2 Broken 



2-5 



2-4 



2-1 



2-1 



2-9 



4-8 13-5 



per cent 
3-2 



2-6 
8-0 
8-0 
6-7 

6-5 

7-8 

30-3 
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Table 22 

Results of Experiments upon Steel Plates manufactured by the 
Stress) of Punching, Annealing after Punching, 

Nominal thickness 







Perforated Specimen. 














A 




J 










( 


o o 






. ^ 


o o 












V^ 


,o!. ^ 


N 


1 

1 


Holes, how 
perforated. 


Specimen if 
annealed. 


Nomi- 
nal 
Thick- 
ness. 


Actual 
Thick- 
ness. 


Width 

of 
Speci- 
men. 


Dia- 
meter of 
Holes. 


Elongation 

Holes at 

Ultimate 

Stress. 


Ket 

Sectional 

Area of 

Specimen. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


11 


Punched - 


Not annealed 


inch. 

1 


inch. 
•75 


ins. 
4-96 


inch. 
•75 


per cent. 
5-3 


sq. ins 
2-59 


12 


Do. - 


Do. 


J 


•74 


4-95 


•75 


16-0 


2-65 


9 


Do. - 


Anne&led - 


4 


•75 


4-95 


•75 


34-6 


2-58 


10 


Do. - 


Do. 


1 


•74 


4-95 


•75 


36-0 


2-55 


13 


Punched 

small and 

bored to 

size. 


Not annealed 


1 


•75 


4-96 


•75 


28-0 


2^59 


14 


Do. - 


Do. 


3 

4 


•75 


4-95 


•75 


17^3 


2^58 


15 


Drilled - 


Do. 


i 


•75 


4^95 


•75 


32^0 


2^58 


16 


No holes - 


Do. 


i 


•73 


3-44 


Nil 


— 


2-51 
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Table 22. 

Steel Company of Scotland to ascertain the Effects (under Palling 
Boring after Punching, and Drilling, 

of Plate, f inch. 



Unperforated Specimen. 



TotalStress. 
Ultimate. 



Ultimate 

Stress per 

square inch 

of Gross 

Area. 



Ultimate 
Stress per 
square inch 

between 
Holes. 



10 



11 



lbs. 
tons. 
122,360 
54-62 

141,680 
63-25 

167,608 

74-82 

169,232 
75-55 

173,040 
77-25 



160,720 
71-75 

174,720 
78-00 

156,576 
69-90 



Stress per 

square inch 

of Net 

Section 

compared 

with Solid 

Plates. 



12 



lbs. 
tons. 
32,892 

14-68 

38,710 
17-28 

45,177 
20-16 

46,238 
20-64 

46,516 
20-76 



43,320 
19-83 

47,094 
21-02 

62,380 
27-84 



Extension Set in 10 Inches. 



Contraction i 

of Area iAt50,0001bs. 



at Fracture. 



14 



lbs. 
tons. 
47,243 

21-09 

55,560 
24-80 

64,964 
29-00 

66,365 



66,810 
29-82 



62,294 
27-80 

67,720 
30-23 

62,380 
27-84 



per cent. 
75-7 



89-0 
104-1 
106-3 
107-1 

99-8 
108-5 



per cent. 

7-7 



18-4 
28-6 
32-9 
28-9 

10-0 
32-1 
39-4 



per square 
inch of 
Net Area. 



15 



At 60,000 

Lbs. i)er 

square inch 

of Net 

Area. 



10 



Ultimate. 



17 



per cent. 
Broken 



-8 

1-6 

1-5 



1-3 
1-5 
4-6 



per cent. 
Broken 



Broken 
3-7 
4-0 
3-6 

3-4 

3-9 

12-4 



per cent. 
•9 



4-0 
8-2 
8-8 
8-1 

5-3 

9-2 

30-6 
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Table 23. 



Results of Experiments upon Steel Plates manufactured by the 
Stress) of Punching^ Annealing after Punching, 

Nominal thickness 









Perforated Specimen. 
















(^ 


J 








- 


o o 


• 








o o 


■^ 








■<- 


tf 


i 


















OQ 


Holes, how 
perforated. 


Specimen if 
annealed. 


Nomi- 
nal 

Thick- 
ness. 


Actual 
Thick- 
ness. 


Width 

of 
Speci- 
men. 


Dia- 
meter of 
Holes. 


Elongation 

of Holes at 

Ultimate 

Stress. 


Net 

Sectional 

Area of 

Specimen. 


1 


2 


3 




6 


6 


7 


8 


9 








inch. 


inch. 


ins. 


inch. 


per cent. 


sq. ins. 


1 


Punched - 


Not annealed 




0-99 


6-66 


1 


3 


4-61 


6 


Do. - 


Do. 




0-96 


6-66 


1 


3 


4-47 


2 


Do. - 


Annealed - 




0-97 


6-66 


1 


22 


4-52 


5 


Do. - 


Do. 




10 


6-66 


1 


30 


4-66 


3 


Punched 

small and 

bored to 

size. 


Not annealed 




1-0 


6-66 


1 


25 


4-66 


4 


Do. - 


Do. 




1-0 


6-54 


1 


2.5 


4-54 


7 


Drilled - 


Do. 




1-0 


6-54 


1 


44 


4-54 


8 


No holes - 


Do. 


» 


0-99 


4-66 


Nil 


— 


4-61 
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Table 23, 

Steel Company of Scotland to ascertain the Effects (under Pulling 
Boring after Punching, and Drilling. 

of Plate, 1 inch. 



Unperforated Specimen. 



rzn 



.JOf— 



— ^ 



TotalStress. 
Ultimate. 



10 



Ultimate 

Stress per 

square inch 

of Gross 

Area. 



11 



Ultimate 

Stress per 

square inch 

between 

Holes. 



12 



Stressper 

Squarelnch 

of Net 

Section 

compared 

with Solid 

Plate. 



13 



Contraction 

of Area 
atPracture. 



14 



Extension Set in 10 Inches. 



At50,000lbs. 

per square 

inch of 

Net Area. 



At 60,000 

Lbs. i>er 

square inch 

of Ner 

Area. 



16 



Ultimate. 



17 



lbs. 

tons. 

225,500 

100-66 

207,312 
92-55 

293,040 
130-82 

305,984 
136-6 

315,616 
.140-9 



285,600 
127-50 

289,138 
129 07 

290,976 
129-90 



lbs. 
tons. 
34,218 

15-27 

32,443 
14-48 

45,362 
20-25 

45,943 
20-51 

47,389 
21-15 



43,66% 
19-49 

44,210 
19-73 

63,118 
28-17 



lbs. 
tons. 
48,915 

21-83 

46,378 
20-70 

64,831 
28*94 

65,661 
29-31 

67,728 
30-23 



62,907 
28-08 

63,686 
28-43 

63,118 
28-17 



per cent. 

77-4 



73-4 
102-7 
104-0 
107-3 

99-6 
100-9 



per cent. 
4-33 



6-48 
24-55 
24-89 
18-02 

13-87 
33-25 
38-82 



per cent. 
Broken 



Broken 
0-9 
2-3 
1-8 

1-8 
2-3 
4-7 



ler cent. 
Broken 



Broken 
2-8 
5-4 
5-4 

4-9 

5-1 

12-8 



per cent. 
0-8 



0-7 
6-9 
9'1 
7-9 



12-0 
29-0 
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Table 24. 



Rbsults of Experiments made to ascertain the Effects upon 

counter-sunk right 







Unperforated Specimen 










( 

< 

( 

c 




r 


O 

°o 

O 

o 

LLLL 








D [k-H0!'-^|__ 
-U-l—i L- 


1 


Bpocimcn. 


i 

s 


Actual 
thick- 
ness. 


Width. 


Diameter of 
Holes. 


73 * • 

•li 


Gross 

Sectional 

Area. 


Large 
end. 


Small 
end. 


1 


2 


3 


4 


6 


6 


7 


8 


9 






inch. 


inch. 


inch. 


inch. 


inch. 


pec cent. 


sq. in. 


19 
20 


Punched and 
conntereunk. 
Do. do. 


4 


•507 
•495 


6^375 
6-375 


•969 
•969 


•750 
•750 


£3-33 
29-33 


3-232 
3-155 


3 
4 


Drilled and 
countersunk. 
Do. do. 




•507 
•506 


6-375 
6-375 


rooo 

•995 


•755 
•750 


37-33 
40-00 


3-232 
3-225 


5 


Unperforated 


i. 


•510 


6-000 


— 


— 


— 


3-060 


6 


Do. 


k 


•508 


6-000 


— 


— 


— 


3-048 


21 
22 


Punched and 
countersunk. 
Do. do. 


f 
1 


•763 

•748 


7^375 
7^375 


1^25 * 
1-21 


•875 

•876 


25-71 
36-00 


5-627 
5-616 


9 
10 


Drilled and 
countersunk. 
Do. do. 


S 
1 


•75 
•75 


7-406 
7^406 


1^25 
1:25 


•875 
•875 


37-14 
36-00 


5-554 

5-584 


11 


Unperforated 


S 


•746 


6-0 


— 


— 


.— 


4-476 


12 


Do. 


f 


•752 


6^0 


— 


— 


— 


4-51:2 


23 

24 . 


Punched and 
countersunk. 
Do. do. 




•98 
•96 


8^5 
8-5 


1-468 
1-468 


1 
1 


25-00 
22-00 


8-338 
8-168 


16 
16 


Drilled and 
countersunk. 
Do. do. 




•97 
•98 


8-5 

8-5 


1-468 
1^468 


1 
1 


28-00 
37-00 


8-245 
8-347 


17 


Unperforated 




•967 


6-0 


— 


— 


— 


5-802 


18 


Do. 




•977 


6-0 


" 


~ 


~ 


5-862 
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Table 24. 

Steel Plates under Pulling Stress of Holes Punched and afterwards 
through the Plate. 



Perforated Specimen. 



eo 



— 10-- 

-vrrr- 



GO 



Ultimate Stress. 



Ultimate Stress 
per square inch 
of Gross Section. 



♦Ultimate Stress per 
square inch of 
Net Section. 



"Ill 
l|s| 

legl 

2 c o-»* 



ps 



10 



11 



12 



13 



14 



16 



16 



sq. in. 


lbs. 


2-35 


145,600= 


2-29 


142,128 = 


2-34 


141,456 = 


2-34 


146,272. 


3-06 


174,048 


3-048 


178,528 


4-00 


255,696 


3-95 


257,600 


3-96 


260,848 


3-96 


257,376 


4-476 


268,800 


4-512 


268,016 


5-91 


387,968 


5-79 


386,176 


5-85 


377,888 


5-91 


392,000 


5-802 


354,928 


5-862 


358,064 



tons. 
= 65-00 

= 63-45 
= 63-15 

= 65-30 
= 77-70 
= 79-70 
=114-15 

=115-00 
=116-45 

=114-90 
=120-00 
=119-65 
=173-20 

=172-40 
=168-70 

=175-00 
=158-45 
=159-85 



lbs. 
45,049 = 

45,048 = 
43,767 = 

45,355 = 
56,878 = 
58,572 = 
45,440 = 

46,700 = 
46,965 = 

46,091 = 
60,053 = 
59,400 = 
46,530= 

47,279 = 
45,832 = 

46,962 = 
61,173 = 
61,082 = 



tons. 
=20-11 

=20-11 
=19-53 

=20-24 
=25-39 
=26-14 
=20-28 

=20-84 
=20-96 

=20-57 
=26-8 
=26-51 
=20-77 

= 21-1 
=20-46 

=20-96 
= 27-3 
=27-26 



lbs. 
61,957 

62,064: 
60,451 

62,509 
56,878 
58,572 = 
63,924 = 

65,215 = 
65,870 = 

64,993 = 
60,053 = 
59,400 = 
65,646 = 

66,697 = 
64,596 = 

66,328 = 

61,173 

61,082 



tons. tons. 

= 27-65") 

U7-6: 
=27-7 J 

=26-981 

U7-44 
=27-9 J 

= 25-39 



= 26 
=28-53 

= 29 
= 29-4 



39-1 
14 J 
53"] 

} 

::,} 
'■'I 

} 

= 27-3 n 
= 27-26J 



25-76 



29-01 
= 26.8 

:26 

:29- 

:29 

:28-83 



28-82 



29-20 



26-65 



29-53 



29-22 



27-28 



per . 
cent. 

107 


per 

cent. 

25.50 

25-82 


106 


28-96 
30-31 


100 


47-53 
47-86 


108 


17-41 
20-35 


109 


21-72 
22-94 


100 


37-6 
46-33 


108 


15-65 
16-88 


107 


14-0 
21-72 


100 


48-30 
47-85 



per 

cent. 

8-8 

8-7 
8-8 

10-0 

30-0 

31-0 

7-5 

8-0 
10-0 

10-0 

27-5 

28-5 

7-5 

7-0 
9-0 

11-0 
300 
30-6 



♦ These results are obtained by deducting the mean diameter of the holes. 
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Beport respecting the Experimental Bursting by Hy- 
^ dranlic Pressure of the Old Boilers and Superheaters 
of S.S. " Pharos.'^ 



Consultative Branch of Marine Department, 
Board of Trade, 
82, Basinghall Street, London, E.G., 
Sib, November 1st, 1880. 

Whilst at Hull, on duty in connexion with the work 
carried out on board S.S. ** Pharos," I had the opportunity of 
witnessing the experimental bursting by water pressure of the old 
boilers and superheaters taken out of that vessel. Press of work 
has, up to the present time, prevented me from reporting upon the 
results obtained, which are of considerable value to engineers 
generally. 

The experiments, which were carried out by Mr. Pratten and 
Mr. Seaton, engineer managers of Earle's Engineering and Ship- 
building Company, were witnessed by yourself, Mr. Spear, Sur- 
veyor of steam vessels at Hull, and other gentlemen. 

The hydraulic pressures applied during the different experiments 
were registered by a standard high-pressure gauge, manufactured 
for the Board of Trade by Messrs. J. Dewrance and Company, 
London, and the indications were checked by a small duplex 
pressure gauge, such as is ordinarily used by the Board's surveyors, 
also by a gauge belonging to Messrs. Earle. The pressures 
recorded by the three gauges were found closely to agree on all 
occasions, and thus left no doubt respecting the accuracy of the 
pressures stated. 

The donkey boiler, which was first experimented with, was about 
five years old, and had been worked at a pressure of 60 lbs. per 
square inch. It was of the ordinary vertical donkey boiler type, 
4 feet 6 inches in diameter, with an upright circular fire box, 
3 feet 8| inches mean diameter. The shell was originally |-inch 
thick, and the plates were lap-jointed with single rows of rivets 
spaced 2| inches apart. The longitudinal rows of rivets were 
continuous from end to end of the boiler. The shell plates had 
been reduced by corrosion at different parts to about y^^-inch, but at 
the laps they appeared to be the original thickness. 

The fire box was, as regards circularity of shape, a very good 
specimen of fire boxes of this system of construction. It consisted 
of four plates joined together by single riveted lap joints. The 
plates were originally |-inch thick, but reduced to ^-inch by 
corrosion. 

At the root of the flange on the top of the fire box, where marked 
A on Fig. 1, considerable grooving had taken place ; the thickness 
Q 6365. Wt. 2510. A 
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originally ^-inch being reduced to ^^^-inch. The part flanged up 
was reduced in thickness to ^-inch, the reduction being no doubt 
to some extent due to the thinning effect of the operation of 
flanging. It will be seen by the drawing that there were no stays 
between the top of the boiler shell and the top of the fire box, such 
as are usually fitted, a fact which the result of the experiment 
showed to be worthy of note. 

The hydraulic pressure was gradually applied to the donkey 
boiler. At 120 lbs. per square inch no alteration was observed in 
the firebox. The pressure having been gradually increased to 
180 lbs. per square inch was then reduced to* zero, when the fire 
box at one of the vertical riveted seams was found to be bulged 
inwards -j^-inch. A pressure of 200 lbs. per square inch was then 
applied, but owing to a leak at the bottom of the uptake, and at a 
lap at the bottom of the fire box the pressure dropped. It was 
then reduced to zero when the bulge of the fire box was found 
to be increased to ^-inch. Upon the pressure being again 
applied after the leaky places were caulked the bulge increased 
to 2 J inches, as shown by Figs. 1 and 2. 

The fire box would, no doubt, have entirely collapsed had the 
pressure been continued, but as it was desired, if possible, to as- 
certain the ultimate strength of other parts of the boiler the pressure 
was lowered, and the fire box shored up with baulks of wood to 
prevent further distortion. The leaky places at the bottom, and at 
the base of the uptake were caulked, and the pressure was again 
applied to the boiler, but rather more rapidly than before j at 
175 lbs. per square inch a sharp report was heard, and no further 
increase of pressure was obtainable owing to leakage, principally at 
the base of the uptake. As the pumping was continued the leak- 
age at the latter place became very great and overpowered the 
pump, the pressure rapidly dropping ; having been reduced to zero 
the seam at the base of the uptake was then very heavily caulked, 
and the pressure again applied. It rose to 100 lbs. per square 
inch, when violent leakage occuiTcd at the same place and stoj^ed 
^he experiment. Upon opening the boiler it was found that the 
flange on top of the fire box to which the uptake was riveted had 
cracked through the rivet holes at B about h«df way round. During 
the experiment there was little or no leakage at the longitudinal 
seams of the boiler shell. 

It has been stated that at a pressure of 180 lbs. per square inch 
a permanent set of ^^-inch was recorded, and that upon the appli- 
cation^of an additional 20 lbs. per square inch the set increased to 
^^-inch, and the pressure having dropped and been re-applied, the 
permanent set increased to 2 J inches. It is thus clear that the 
collapsing pressure of the tube had been reached. It would 
indeed appear that, small as was the permanent set at 180 lbs. per 
square inch the fire box was then practically destroyed, and would 
probably have entirely collapsed at that pressure had it been 
continued for a short time. 

The suddenness with which a slight distortion of the fire box 
was being followed by collapse, indicates clearly that the hydraulic 
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test of circular tubes under external pressure, is not apart from 
the proper calculations a reliable guide that a sufficient margin of 
safety exists. 

The experiments hitherto made to ascertain the resistance of 
tubes to collapse are not very numerous. Sir William Fairbairu 
carried out some experiments upon some small and thin tubes and 
<leduced therefrom the following rule :— 

Collapsing pressure X_ 806,300 X t^-'^ ^ 
per square inch J L x D 

where t = thickness of tube in inches 
L = length in feet. 
D = diameter in inches. 

3j the above rule : — 

nM . 806,300 x(H)^^^ ^A^iu 
Collapsing pressure= — ^-— jtt^ — = 545 lbs. per sq. m. 

Taking the actual collaj)sing pressure as 200 lbs. per square 
inch, the calculated pressure by the above rule is thus very largely 
in excess of that obtained by the experiment. 

In applying Sir William Fairbairn's rule, it has been usual with 
many engineers for the sake of simplicity of calculation to adopt 
the square of the thickness instead of the 2*19 power. The 
collapsing pressure of the fire box when calculated by the rule so 

modified = 8Q^>300 x ( 3^)^ ^^^ j^g^ ^.^ ^^^^ ^^^^^ 

3-2 X 44-37 

exceeds still more the actual collapsing pressure. This is 
quite in accordance with what has long been known by the 
advisers of the Board of Trade, viz., that almost immaterial as 
might at first seem the substitution of the square of the thickness 
for the 2 • 19 power, it causes a very considerable effect upon the 
results obtained, especially when the plates are very thin. It is 
found, in fact, upon examination of the results of Sir William 
Fairbaim's experiments, that if the square of the thickness be 
adopted in the rule given by him, the constant instead of being 
806,300 should be 465,314. 

Sir William Fairbaim, when giving his rule for the collapsing 
pressure of circular tubes, was aware of the necessity for them 
being perfectly cylindrical, and although he gave no special con- 
stant for use with tubes when made with lap joints, we find that 
he made an experiment with two tubes, one lap jointed and the 
other butt jointed, and found that the collapsing strength of the 
former was to that of the latter as 100 : 69 • 3 or 10:7 nearly. 
This result is very rarely referred to, the constant in the formula 
when quoted in the various text books being given for. all tubes 
however constructed as 806,300 or thereabouts, unless when the 
length is expressed in inches, when it is multiplied by twelve. 

The constant 465,314 when reduced in the above proportions 

A 2 
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becomes 322,462. The joints of the fire box of the donkey boiler 
were lapped and if we use the latter constant in Sir William Fair- 
bairn's rule with the square of the thickness we have- 
Calculated collapsing"! 099 am s^ H 1 ^s[ 

p^^ure of firej= ^y/J|^) =2681bs. 

per square inch, a result still in excess of the actual, but much more 
nearly correct than any of the calculated results already obtained. 
The discrepancy would show that the constant is still high. 

It has been stated that the boiler had been worked at a pressure 
of 60 lbs. per square inch, so that at the time of the experiment 
the collapsing pressure of the tube was 3 • 3 times the working 
pressure. As the fire box plates had been reduced in thickness 
by corrosion there is no doubt that when the boiler was new the 
factor of safety was larger. We have seen the rapidity with 
which the fire box was failing after bulging was noted, so that 
the factor of safety of 3 • 3 can scarcely be considered sufficient, 
since with circular tubes under external pressure there is a liability 
to sudden failure almost as soon as an appreciable bulge is ob- 
served. In confirmation of this fact if any be wanted, it may be 
noted that in the memorandum of the Engineer Surveyor-in-Chief 
respecting some fornace tubes tested at Leeds, it is stated that 
a plain tube collapsed suddenly after a bulge of about -^ inch 
was recorded. 

Calculating the proper working pressure for the fire box by 
the usual Board of Trade rule for furnaces : — 

Working pressure "1 __ C x (ty 
per square inch / "~(L + 1) x D 

When D = diameter in inches 
L = length in feet, 
t = thickness in inches. 

C =: 70,000 the constant appropriate to the 
description of joint. 

^ ,. 70,000 x(H)^ A A 11. 

Working pressures— f^ ^\ 1a*^7 ~ lbs. per square mch. 

The pressure which would be allowed by the Board's surveyors 
allows therefore a factor of safety 4 • 5, not by any means too much 
when it is considered how much the strength of such a part of the 
boiler may be reduced by an accidental or unobserved inaccuracy 
in the circularity of the tube, arising either from defective work- 
manship or from over-heating caused by the presence of dirt or 
shortness of water. 

It has been stated that after the boiler was subjected to a 
pressure of 200 lbs. per square inch, the fire box was shored up 
with baulks of wood to prevent further distortion, and upon 
pressure being again applied the flange at the top of the fire box 
riveted to the uptake gave way at 170 lbs. per square inch 
by the cracking of the plate between the rivet holes. It would 
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thus appear that although this part had borne the strain arising 
from the higher pressure of 200 lbs. per square inch, that the 
material must have been injured thereby, and consequently fiiiled 
at a lower strain. The fact is worthy of notice as bearing upon 
the injurious effects liable to arise from over-testing of materials 
or structures. 

The failure of the boiler at the flange of the fire box is* interest- 
ing, owing to the fact that unlike many other boilers of the same 
class there were no stays fitted to assist the uptake in supporting 
the tops of the boiler and fire box. The top was dished to form 
part of a sphere 11 feet 4 inches diameter, and was -f^ inch thick. 
Assuming the tensile strength of the iron to be 47,000 lbs. per 
square inch, the bursting pressure of a sphere of the above 
dimensions is 604 lbs. per square inch. Although this is very 
much greater than the pressure applied to the boiler, it was very 
evident by the increased convexity under pressure of the dished 
top of the shell, between the uptake and the outside shell, that 
a considerable stress was borne by the uptake, and consequently 
the part of the fire box to which it was attached. 

Let the stress upon the latter part where fracture occurred be 
calculated upon the assumption that it sustained the pressure upon 
that portion of the dished top which is enclosed by the circle 
midway between the uptake and the shell. We find that under 
these circumstances with a pressure of 170 lbs. per square inch 
on the boiler, the metal between the rivet holes of the flange of 
the fire box, where fracture occurred, gave way at a stress of only 
about 6f tons per square inch. As this is only about one- 
third of the tensile strength of good wrought iron it is evident 
either that the uptake should be credited with sustaining a larger 
portion of the pressure on the dished top than has been assumed, 
or the material where fracture occurred had been injured by the 
operation of flanging. Upon either hypothesis it is evident that 
stays should be fitted between the top of the boiler, and the top 
of the fire box. 

The necessity for the fitting of the stays is increased by the 
liability of the uptakes of donkey boilers to get over-heated. In 
case of shortness of water to which these boilers are specially 
liable from the inefficient character of the attendance they fre- 
quently receive, the sufficiency of the uptake as a stay is still 
further impaired by its base and the flange of the top of the fire 
box, which are weakened by rivet holes, being liable to become 
over-heated. 

The experience of the Board's surveyors is conclusive as regards 
the serious effects of over-heating upon the uptakes of donkey boilers. 
The officers of Boiler Insurance Companies have evidently similar 
experience, for we find that the Chief Engineer of one of them 
frequently in his annual reports recommends the insertion inside 
the uptake of a loose sleeve of cast iron, or other suitable material, 
in order to save the uptake plates from becoming red hot. 

Although the uptake ultimately gave way at 170 lbs. per square 
inch, its liability to become over-heated prevents us from regard- 
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ing the experimeut as a proof that the boiler would, under the 
ordinarj conditions of working with steam up, withstand a pres- 
sure approaching it. A very considerable reduction from it must 
be made owing to the weakening effect of the high temperature to 
which the uptake is raised. In the absence of experiments on 
the subject it is of course impossible to state definitely the exact 
degree of over-heating which occurs, but considering the frequency 
with which flames issue from the funnels of these boilers, and the 
low conductivity of the steam, there can be little doubt that they 
are frequently red hot, or nearly so, a fact which receives proof 
from their condition. 

The experiments of the Board's officers have shown that the 
tensile strength of red-hot iron plates is only about one fourth of 
that when cold. The uptake therefore which gave way at 170 lbs. 
per square inch when cold, cannot under the ordinary conditions 
of working be depended upon for pressures at all approaching it. 
It is in fact evident that a donkey boiler, not fitted with stays 
between the top of the boiler and the top of the fire box, may 
often be working with a very narrow margin of safety. The plan 
referred to of a protecting tube in the uptake is no doubt a good 
one, but under general circumstances safety is assured by the 
fitting of stays to reduce the tensile stress ou the uptake. 



The after main boiler which was also tested to ascertain its 
Ultimate strength was of the ordinary Marine type fired from one 
end and fitted with three furnaces, each having a separate combus- 
tion chamber. The general aiTangement is shown in Figs. 3 and 4. 
The shell of the boiler was 13 feet diameter, 9 feet 9| inches long 
over the end plates and was originally |-inch thick, but was reduced 
at the riveted seams to f|-inch. The longitudinal seams were lap 
jointed with three rows of rivets an*anged zig-zag, the rivets, 
which were 1^-inch diameter, were spaced 3^ inches apart, and 
the perpendicular distance between the adjacent rows was l|-inches. 
The circulai- seams were lap jointed and double riveted. 

The furnaces were 3 feet 1 inch diameter, ^-inch thick, and 
6 feet 6 inches long, the length of the bottom plates, including the 
fire box plate, being 9 feet. Each furnace was constructed of two 
plates united by a double riveted lap ^oint beneath the furnace 
bars, the bottom plate of each furnace being in a line with the 
bottom of the fire box. An angle iron was riveted at the bottom 
immediately under the back tube plate, the object evidently being 
to render the whole of the furnace, for purpose of resistance to 
collapse, of the same strength as the top plate ; such at least i^ 
the avowed intention in similar cases. The angle iron, however, 
fitted in a manner not unusual, was, as will be seen by Fig. 3 in- 
sufficient in length to stiffen the plate to the same extent as a 
ring round it would do, a large space at each side being left un- 
stiffened, and was thus apparently the weakest part of the ftirnace. 
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In order to ascertain the elongation of the shell of the boiler 
whilst under pressure a steel wire was stretched over half the cir- 
cumference, being kept tight by a weight at each end. A mark was 
made on the wire on each side at the half circumference, and a 
similar mark was made on the shell of the boiler, both being 
coincident prior to the application of the pressure. The sum of 
the distances between the marks on wire, and boiler on both sides, 
during and after the application of pressure represented the 
elongation and permanent set respectively of the boiler shell in 
the half circumference. It had been suggested to encircle the 
entire circumference of the boiler with the wire, but in similar 
experiments in which the plan had been adopted, the wire had 
broken owing to the strain arising from the friction between it and 
the boiler. Even had it not broken, the friction would have 
caused an extension of it, and consequently incorrect results 
would have been given. By encircling only half the circumference, 
and having the surfaces well oiled, the friction was very much 
reduced, and the extension of the wire, it is believed, prevented. 
It should be stated that prior to my arrival at the Works, the 
Manager had, in order to test the tightness of the joints, subjected 
the boiler to a pressure, of 200 lbs. per square inch, so that the 
extension observed must be considered as affected by the boiler 
having been prenously subjected to so high a pressure. 

In carrying out the experiment the hydraulic pressure was 
slowly applied. As it appi'oached 200 lbs. per square inch crack- 
ing sounds were heard from inside the boiler, and the longitudinal 
seams began to leak slightly. The leakage increased as the 
pressure rose, until at 230 lbs. per square inch the boiler leaked 
so much^ principally at the longitudinal seams, that the pressure 
could not be got higher, although it was maintained for some 
time at that pressure. The experiment was therefore stopped in 
order to caulk the joints. Upon the conclusion of this part of the 
experiment, it was found that there was in the half circumference 
a permanent extension set of ^-inch. The joints having been 
caulked, the pressure was slowly re-applied as before, until at 
200 lbs. per square inch the longitudinal seams began to leak.. 
Cracking was heard from inside the boiler as the pressure rose 
from 220 lbs. to 240 lbs., the leakage increasing at the longitudinal 
seams, but not so rapidly as before. At 260 lbs. the centre 
furnace collapsed as shown in the drawing. Figs. 3 and 5, a slight 
fracture occurring in the plate at the top of the back end of the 
furnace. The pressure then rapidly fell, and consequently the 
collapse of the furnace was not complete as it would have been 
if steam instead of water pressure had been used. 

The wires encircling the half of the boiler indicated that there was 
an additional extension set in half the circumference over what had 
been previously recorded of -^-inch, making a total extension set 
in the same length of ^inch, to which should be added the set 
which no doubt occurred at the first test by the Manager, but 
which was not measured. 
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AlLliough the longitudinal joints of the shell leaked very hadly 
and gaped considerably, no fractures were observable from the 
exterior at the time of the experiment, but subsequently, when 
breaking up the boiler, Mr. Seaton informed me that some cracks 
were discovered between the rivet holes at the longitudinal seams. 
The plate was, I have been informed, put aside for my inspec- 
tion, but unfortunately having been accidentally destroyed, I did 
not see it. 

In cases of boiler shells which have been burst experimentally 
it has been found that entire failure occurs as soon as a slight 
fracture takes place at the weakest place, whether- this be a 
riveted seam or any other part. As cracking was beginning at 
a longitudinal seam, it is evident that the boiler shell was upon 
the point of bursting. 

If in the calculation for the bursting pressure we assume the 
tensile strength of the plate to be equal to 47,000 lbs. per square 
inch, and neglect the ii^urious effects of punching and lap- 
jointing, we have — 

Calculated bursting \ ^ 47,000 x '69 x 2 x H ^ ^^^ ^^^ 

pressure J 156 ' ^ 

square inch. This is the calculated bursting pressure of a boiler 
made with double-butt straps, and with the holes drilled. 
According to the Board's rules a deduction should be made there- 
from, in the case of the boiler in question, of 16*6 per cent., 
con'esponding to the additions to the factor of safety of D. I. K. S. 
Deducting 16*6 per cent, from 350 lbs., we have the calculated 
bursting pressure of the boiler by the Board's rules, as 292 lbs. 
per square inch. The pressure actually applied was 260 lbs., or 
only about 10 per cent. less. 

It will be observed by the drawing that the collapse of the 
furnace occurred neither at the top nor bottom, but at the upper 
part of one of the sides, which have been refen-ed to as apparently 
the weakest parts of^the furnace, owing to them being unstiffened 
from back to front. It is noteworthy that the opposite side of 
the centre furnace was bulged inwards slightly at a similar part. 
The fitting of a short angle iron under the bottom of a frimace 
does not, it is evident, like a continuous ring, effectually stiffen 
the adjacent parts over which it does not extend circumferentially. 
It would appear that some apology is required for making a 
remark so exceedingly obvious, but the plan of fitting these short 
angle irons for the purpose of stiffening furnace tubes is so 
common, that there has been a difficulty in convincing some 
persons that the plan is insufficient for the purpose. This plan is 
sometimes adopted when the bottom furnace plates are too thin, 
owing to a natural indisposition to allow the angle iron to extend 
as high as the furnace bars; but the primary necessity of 
ensuring the cylindrical form of the furnace by a stiff ring entirely 
encircling it, or by some other adequate means, is, it is thought, 
enforced by the results of the experiment on this boiler. 
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The necessity for the ring round furnace tubes being c?oh- 
tinuous was forcibly shown by an experiment recently carried out. 
A land boiler with a long tube, having one stiffening ring near the 
centre, was being tested to destruction when the tube was found 
to collapse most severely at the stiffening ring, instead of midway 
between the ring and either end. Upon examination it was dis- 
covered that the ring, which was in parts, had not been fitted with 
straps to make it continuous. 

Refemng again to the *^ Pharos " main boiler ; — ^according to 
the Board of Trade rules the working pressure which would be 
allowed for a furnace the same length as the bottom plate, in- 
cluding the length of the fire box — 

^ 80,000 xiUY ^ gj i^g ^ .^^^^ 

(9 + 1) X 37 r ^ 

The pressure at which the boiler was worked was 60 lbs. per 
square inch, so that the factor of safety possessed by the furnace is 

—- = 4*2, not by any means too great. Calculating the col- 

lapsipg pressure of the furnace, by the rule given by Sir William 
Fairbairn, already referred to, we have— 

806,3 00 X my ^^ ^^- ,v 

Collapsing pressure =■ g ^ 3^ = o05 lbs. per square 

inch. This pressure is 132 per cent, in excess of the pressure at 
which the furnace actually collapsed. 

If, instead of using the 2*19 power of the thickness in the 
above formula, the square of the thickness is adopted as is 
ordinarily done by some engineers, we have — 

806,300 X my ^^^ ,^ 
Collapsing pressure = 93^37 ~ P®^ square 

inch. The result is considerably greater than the former, and is, 
162 per cent, in excess of the actual collapsing pressure of the 
furnace. Both formulae are, it is seen, very far from giving 
results at all agreeing with the actual one. 

When considering the experiment with the donkey boiler, 
reference was made to the fact that the constant obtainable from 
Fairbaim's experiments, when the square of the thickness is 
adopted, instead of being 806,300, is really 465,314; also that by 
two of the experiments it was found that the resistance to collapse 
of a butt-jointed tube was to that of one lap- jointed as 100 : 69*3 
and that therefore for lap-jointed tubes the constant in the 
formula should be reduced to 322,462. By the use of this 
constant we have — 

322 462 X ( \ o ^^ 
Collapsing pressure = — ' 9 x 37 ~ ^^^ ^^^' ^^^ square 
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Jnch. The actual collapsing pressure was 260 lbs. per square 
inch, so that by Fairbaiiii's rule, with altered constant, we get a 
result only five per cent, in excess of it, instead of 132 per cent., 
and 162 per cent, in excess, as obtained by his rules as ordinarily 
adopted. 

The tubes we have hitherto dealt with were lap jointed. We 
have, however, the means of testing the suitability of Fairbaim's 
rule for ascertaining the resistance to collapse of full-size furnaces 
with welded joints, in the case of a furnace tested at Greenock by 
the Greenock Foundry Company in 1877, and also one tested at 
Leeds in 1878 by the Leeds Forge Company in the presence of 
Mr. Traill, Engineer Surveyor-in-Chief to the Board of Trade. 
The particulars are included in the annexed tabulated form. 

The results are reported pf an experiment made by the Engineer- 
in-Chief of the United States Navy on a large furnace tube 4 feet 
6 inches diameter, 6 feet long, and ^-inch thick. It consisted of 
two tubes, each 3 feet long, joined by fianges, the longitudinal 
joints being made with butt straps and double riveted. When 
subjected to a pressure of 100 lbs. per square inch, one length 
be^m to bulge. The bulge was then shored up and new ones 
began to form in the same part of the tube at 130 lbs. These 
were shored up and the other part of the tube began to collapse at 
128 lbs. per square inch. It is probable that the previous bulge 
at 100 lbs. was due to a slight inaccuracy in the tube and that 
therefore 128 lbs. per square inch may fairly be considered its 
collapsing pressure. A comparison of the calculated pressure with 
the actual is given in the table annexed. 
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In the case of the furnace tube tested at Leeds the collapse was 
believed to have taken place at a lower pressure than it otherwise 
would have done, owing to the presence of a bulge of about 
4-inch in depth where the collapse began. This may account for 
Uie pressure borne by this tube being proportionaJlj so much 
lower than that tested at Greenock, 

Comparing the figures in column 9 with those in columns 10 
and 11 we see that whilst Fairbaim's rule as ordinarily adopted 
gives very inaccurate results, those obtained by the formulae at the 
heads of columns 6 and 7 are much more nearly accurate. The 
greatest divergence from the actual results obtained by experiment, 
occurs with the largest and thinnest tubes in which a slight devia- 
tion from the circular form is obviously most prejudicial. As 
the calculated pressures are in all cases but one in excess of the 
actual, the constants if further modified should evidently be 
reduced. 

With the pressure which would be allowed by the Board*s rules 
for these furnaces there is a mean factor of safety of 4*8, which 
must be considered as very moderate considering how much the 
strength of a tube under external pressure is reduced when slightly 
out of the circular form. 

A formula used by some engineers for ascertaining the working 
pressure to be allowed for the furnaces of Marine boilers is as 
follows : — 

Working Pressure =^^22^. 
^ L X D 

where ^ L and D represent the same as before. 

The above would appear to be intended to allow one-ninth of the 
pressure obtained by Fairbaim's formula : — 

n ^^ ' • i. 806,300 -f" t^ 

Collapsing pressure per sq. mch = — ^ =~ — • 

As that rule with the five furnace tubes in the tabulated form gives 
results 235, 162, 64, 127, and 142 per cent, in excess of those 
actually obtained, it is obvious that it is an unreliable guide for 
ascertaining the proper working pressure. The factor of safety 
with the working pressure obtained by the above rule, instead of 
being 9, as might appear to be the case to some persons is re- 
spectively only 2*6, 3*4, o'4, 4*0 and 3*7 in the five cases given on 
the tabulated form. The rule, as might be anticipated from the 
results previously given, is most inaccurate with the tubes con- 
structed with lap joints. 

The facts given clearly show that Sir William Fairbaim's rule 
for the collapsing pressure of short circular tubes is (witl^ the 
constant reduced) much more reliable than when used with that 
ordinarily adopted. Also that with the pressure allowed by the 
Board of Trade rules for the furnaces of Marine boilers only a 
very moderate factor of safety is obtained. A larger number of 
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experiments may possibly give greater emphasis to these facts. 
In order that further ii^formation respecting this important sub- 
ject may be obtained it is much to be wished that the owners of old 
boilers could be induced when they are disused to submit them to 
bursting pressure. 

It is not suggested that the particulars given will enable an 
opinion to be formed respecting the applicability of Sir William 
Fairbairn's rule to furnaces of extreme length, such as are some- 
times found in land boilers. It is quite intelligible that the same 
rule for collapsing pressure may not apply to short tubes and to 
those of great length. 

The influence of the ends of the boilers in retaining the tubes 
in a circular form can scarcely be effective beyond a certain dis- 
tance from each end. When this is reached, it would appear that 
any further increase in length is not so potential as formerly in 
reducing the resistance to collapse. According to the usual rule 
a very long tube should withstand practically no pressure, whereas 
it is obvious that even if indefinitely long it would by virtue of 
its circular form, and acting as an arch, be capable of considerable 
resistance to collapse, just as a short tube without any end attach- 
ments. 

Very few, if any, reliable experiments have been made on full 
size long furnace tube, notwithstanding that precise information 
respecting their strength is most urgently needed. The experi- 
ments of Sir William Fairbairn were made on small and thin 
tubes differing in dimensions so widely from the full size furnace 
tubes to which his rules are applied, that they cannot be con- 
sidered as quite sufficient. 



The testing of the forward main boiler was next proceeded with, 
the same means being adopted as during the experiment on the 
after main boiler in order to ascertain the extension of the cylindri- 
cal part of the shell. The hydraulic pressure was slowly applied. 
At 180 lbs. per square inch the longitudinal joints of the shell 
began to leak. At 200 lbs. they leaked more freely, and the man- 
hole door leaked badly, necessitating the re-making of its joint, 
llie following were the elongations in the circular part of the 
shell in half the circumference during the above experiment :— 



Pressure per square inch. 


Elongation under pressure. 


lbs. 
120 
180 
200 


inch. 
nU. 

\ 
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The wire for recording the exteusions was accidentailj remoyed 
during the re-making of the manhole door joint, so that upon the 
subsequent application of pressure, the further extensions recorded 
were taken from fresh marks, and must be added to the above. 
Upon the gradual re-application of the pressure it was found that 
leakage at the longitudinal seams occurred at a lower stress than 
during the previous test, viz., at 160 lbs. per square inch. At 
180 lbs. the leak increased. At 210 lbs. leakage became greater 
from the longitudinal seams and from a seam at the top of the fire 
box. A larger pump was then connected. At 230 lbs. a sharp 
report was heard. At 235 lbs. the pump rod broke, |and the 
pressure fell to zero. After a new rod was fitted pumping was 
again conmienced, and a pressure of 250 lbs. was applied, but the 
leak overpowered the pump. The longitudinal seams were then 
heavily caulked and the pressure again applied. At 250 lbs. per 
square inch a loud report was heard and there was considerable 
leakage at the longitudinal seams. The pressure was kept on for 
about 15 minutes, after which it dropped, owing to the increase in 
the leakage at the longitudinal seams and at a riveted seam at the 
top of the fire box. Upon examining the shell of the boiler a 
slight crack was found at the lap of one of the circular riveted 
seams in line with a longitudinal seam. The experiment was 
again continued, and the pressure rose to 260 lbs. per square inch, 
but the leakage increasing overpowered the pump after a few 
minutes, and the experiment was discontinued and was not again 
resumed, as the pumping power at disposal was insufficient to 
overcome the leakage. 

The following are the elongations and permanent sets observed 
in half of the circumference of the circular part of the shell 
during the second part of the experiment : — 



Pressure per Square 
Inch. 


Elongation under 
Pressure. 


Permanent Extension set 
with Pressure removed. 


lbs. 


inch. 


mch. 


160 


A 


Not taken. 


180 


|bare. 


» 


210 


s full. 


w 


235 


-rr » 


:Ar 


255 


i » 


1 bare- 


260 


Not taken. 


Not taken. 



The extensions given in column 2 are in addition to those 
recorded previously. 
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It is not un&equentlj suggested that the working pressure to 
be allowed upon a steam boUer may, irrespective of calculations 
of strength, be regulated by the pressure which it will bear 
without visible distortion or distress. The result of this experi- 
ment shows that very considerable difficulty would be experi- 
enced in carrying out this plan, and that there would be great 
danger of overstraining the boiler. When a circular boiler is 
tested the extension, if any, is almost wholly confined to the lines 
of weakness at the rivet holes, and consequently would be con- 
siderably influenced by the number of such lines of weakness, 
and in fact depend to some extent upon whether the boiler was 
made with long or short plates. The amount of extension would 
also depend upon the hardness or softness of the material. Such 
variable conditions, apart from the difficulty in deciding when 
the point of undue strain was reached, and apart from other 
considerations, would render the carrying out of the plan a 
matter of extreme difficulty, and in some cases cause the boiler 
to be overstrained. The danger of working a boiler that had 
been so treated is obvious without further comment. 

The leakage at the seam at the top of the fire box was caused 
by the straining of the seam, owing to the girders to which the 
stays on top were fitted not being immediately over the tube 
plate and back of combustion box, but partly resting upon the 
horizontal plates. 

With the exception of the crack in the shell already referred 
to, no fracture was observed in the circular part of the shell, but 
the pressure applied being identical with that which caused cracks 
at the longitudinal seams of the other main boiler it is evident 
that the bursting pressure was very closely approached. The 
severely strained condition of the shell plates was also shown 
by the centre of the belts of plates at the longitudinal seams 
being bulged outwards about |-inch in a length of 2 feet 
10 inches. 

It will be remembered that in the other main boiler the centre 
fiirnace collapsed at a pressure of 260 lbs. per square inch. In 
this boiler, however, the furnaces, although similar, showed no 
signs of collapse. The fact is instructive, as showing how closely 
the collapsing pressure of a tube may be approached without 
appreciable signs of collapse being given, and is only another 
warning added to many others against making the test by water 
pressure, irrespective of calculation, a criterion of the strength of 
such parts of steam boilers. 



The forward superheater was next tested.^ It consisted of an 
external circular shell with an internal tube at the centre extend- 
ing from end to end, through which the products of combustion 
passed to the funnel. The external part was thus subject only to 
the heat of the steam, and was consequently as regards the effects 
of heat under not worse conditions than the shells of the boilers. 
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The external shell was 6 feet 6 inches diameter inside, 5 feet 
7 inches long, and ^-inch thick. The plates at the longitndinal 
joints were htpped and riveted with two rows of |f-inch rivets 
spaced 2| inches apart, and the circular seams were lap-jointed 
with a single row of rivets spaced 2| inches apart. 

The internal tube was 4 feet diameter externally^ and the plates 
which were J-inch thick were lap- jointed. The tube was 
strengthened to resist collapse by means of two angle irons 
3-in. X 3-in. X ^-in., and so placed as to divide the length roughly 
into three parts. The principal part of the plates, originally 
forming the inner tube of the superheater, had been so much 
wasted by corrosion that they had been cut out and replaced by 
others about fifteen months before the boilers were removed from 
the ship. Those fitted in place of them, which were of Lowmoor 
iron, were not much affected by wear, having, I believe, been pro- 
tected by'.baffle plates. The end plates, which were ^inch thick, 
were stiffened by angle irons 3-in. X 3-in. x ^-in., extending from 
the inner tube to the outer shell and spaced about 13 inches apart. 

The manhole, which was 16|-in. x llj-in., was strengthened by 
a ring 3-in. x |-in., riveted round it. There were three other holes 
in the shell 7 inches in diameter, which were unstrengthened. 
Round one of them, which is shown in figure 9, a second row of 
bolt holes had been drilled in error and afterwards filled up. 

The extension of the cylindrical shell under pressure was ascer- 
tained as in the previous experiments, by means of a small steel 
wire stretched half way round at the centre of a belt of plating. 

The hydraulic pressure was gradually applied until it rose to 
120 lbs. per square inch when the extension in half the circumfer^ice 
was barely tV^<^^' Upon the pressure being allowed to drop to 
zero it was found that there was in the same length a permanent set 
of barely ^inch. The pressure was again applied, and at 
205 lbs. per square inch one of the longitudinal riveted joints 
began to leak, and as the pressure rose leakage occurred at the 
other joints of the same description. At 260 lbs. the longitudinal 
joints were strained so much that at the laps at the centres of the 
belts of plating the blade of a penknife could be inserted some 
distance. At 280 lbs. per square inch a loud knock was heard, 
and the leakage increased so much that the pressure dropped. 
Pumping was then continued more rapidly than before and the 
pressure again rose to 280 lbs., but the leakage at the longitudinal 
joints and at a blank fiange at a steam, pipe orifice again increased 
so much that the pressure again dropped. The experiment was 
then stopped in order to obtain greater pumping power. As the 
bulging of the plate at a steam pipe orifice arrested attention, the 
blank fiange was removed, and the plate was found to be cracked 
as shown in figure 9. 

The shell at the other 7-inch holes was also considerably 
strained, the plate at the parts of the holes nearest the ends 
of the superheater being much bulged out. The shell at the 
manhole was also strained, and appeared to indicate that a heavier 
strengthening ring would have been required in order to make 



Digitized by VjOOQIC 



■OHH 



17 

up entirely for the loss of strength arising from the pkte cut 
away. 

• ^^® ^2^^^^"*? are the elcmgations and permanent sets observed 
in half the circumferenee of the superheater shell :— 



Pressure 
per Square Inch. 



Elongation 
under Pressure. 



lbs. 
120 
160 
200 
230 
260 
280 



inch. 

iV^are 

Afull 
1 

8 



3 



» 



Permanent set 

with ^essure 

removed. 



i 

Not taken 



inch. 

^V t>are 

Not taken 



The permanent sets were not taken after the application of the 
pressur^ intermediate between 120 lbs. and 280 lbs. per square 
inch, owing to the difficulty experienced through leakage- 

That the fracture of the plate at the steam pipe orifice did not 
extend ftirther, is possibly to be attributed to the fact that in 
order to prevent the studs by which the blank flange was secured 
from giving way under the hydraulic pressure, an additional 
plate had been put inside the superheater, the inside and outside 
plates being secured together by a large bolt passing throuffh 
both. Had the hole been fitted merely with an ordinary manh<Se 
door inside, there can be no doubt that it would have blown 
right out when the plate cracked. 

Adopting 47,000 lbs. as the tensile strength per square inch of 
the plates of the superheater shell we have : — 

Calculated bursting pressure 1 _ 47,000 x 2 x i 

through the solid plate - j 73 = ^^^ ^bs. per 

square inch. 

The pressure which fractured the plate at the steam pipe 
orifice was only 280 lbs. per square inch, the strength of the 
superheater shell at that part was therefore only 46 per cent of 
the strength through the solid plate, the presence of the hole 
causing a loss of strength of 54 per cent, 

Mr. Lavington Fletcher, Chief Engineer of the Manchester 
bteam Users Association, tested to destruction a boiler 7 feet 
diameter and y^-inch thick having an unsti-engthened manhole 
measuring 17 inches x 13 inches. The shell fractured at the 
manhole at a pressure of 200 lbs. per square inch, and the door 
was blown right out. The aetual strength at the manhole was 

Q 6866.- T 
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only 40 per cent, of the calculated strength of the bbiler through 
the solid plate, the loss of strength thus bemg 60 per cent. 
The reduction of strength of the superheater shell was rather 
less than in the boiler referred to, but the conditions as regards 
size of hole and diameter of boiler were more un&vourable in 
Mr. Fletcher's experimental boiler than in the superheater shell. 

The weakness of a circular shell in the vicinity of a hole cut 
therein when subject to internal pressure, is clearly due to the 
fact that the plates at the sides <^ the hcike not only sustain the 
stress due to the pressure on half the diameter of the bdts of 
plating of which they form parts, but also the stress due to the 
pressure acting upon an area equal to the size of the hole 
measured lengthway of the boiler multiplied by half the diameter 
of the boiler. At the pressure of 280 lbs. per square inch the 
additional strain at each side of the steam pipe orifice of the 
Superheater shell caused by the metal being cut away — 

= I X ~ X 280 = 38,220 lbs. or 17 tons. 

If the additional stress arising from the plate cut away at 
a steam pipe orifice, or manhole, were spread over the whole 
section, of metal in the shell under strain, but little weakness 
would result from it, but being localised at the sides of the 
hole the metal there gives way and the plate tears across. 

The presence of me additional row of bolt holes round the 
steam pipe orifice where fracture occurred may have somewhat 
afiected the strength of the superheater, but not, it is thought^ to 
any material extent, considering the degree of sti*aining which 
was found to have occurred at the other steam pipe orifices in 
which only one row of holes was drilled in the usus^ way. 

The experience afforded by disastrous boiler explosions 
arising from unstrengthened manholes has had a salutary 
effect in causing engineers to have such parts strengthened, 
but the weakness arising from steam pipe orifices, and the 
necks of steam chests and superheaters, the latter, sometimes 16 
inches diameter, are very frequently overlooked, and when recog- 
nised most inadequately provided for. When such is pointed out 
in the case of the necks of steam receivers, it is not unfr^uently 
suggested that the neck with its fiange affords a considerable 
amount of strength to the opening. In such cases the neck is 
rarely thicker than the boiler shell, and is most frequently much 
thinner. 

We are indebted to Mr, Lavington Fletcher for a valuable 
experiment bearing on this subject. A heck 15f inches internal 
diameter, ll|-inches high, and ^^-inch thick was single riveted 
to a boiler shell 7 feet (Sameter and -^-inch thick. Wien tested 
to destruction the plate at the base of the neck cracked at a 
pressure of 250 lbs. per square inch or at a stress only 50 per cent, 
of the ultimate stress of the solid plate. Comparing this result 
with that obtained by Mr. Fletcher with the unstrengthened 
manhole, it will be seen that the strength afforded by the neck to 
the boiler shell at the hole was comparatively small. 
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The after superheater which was next tested was similar in 
design and dimensions to the forward one. 

The pressure was slowly applied until it rose to 200 lbs. per 
square inch, when the longitudinal seams began to leak, and the 
joints to gape slightly. As the pressure continued to rise the 
leakage and the gaping of the laps of the joints increased. When 
310 lbs. per square inch was reached it remained staticMiary for about 
10^ minutes, when some leaky places having been caulked, the 
pressure rose to 325 lbs. per square inch. This was kept up for 
10 minutes when the superheater shell burst with a loud report, 
a rent occurring in one of the longitudinal seams and continuing 
across the adjacent solid plate to within a short distance of the 
other end, a» shown in figure 10. 

The top and bottom end plates had received respectively perma- 
nent bulges of Y^^-inch and J-inch. By referring to the sketches 
it will be seen that the difference is due to the fa<;t of the latter 
being connected to the inner tube by a flange on the plate itself, 
whilst the former was connected by means of an angle iron, so 
that the length of the plate for bending was practically reduced. 

Towards the conclusion of the experiment the scale cracked off 
the inside of the tube in flakes under the severe compressive stress 
to which it was subjected, cracking sounds being emitted, but no 
appreciable collapse was observed, although a slight reduction in 
diameter was observable whilst the pressure was on. 
By the formula : — 

Collapsing pressure=^.??2|^?-^ 

which has been shown to give more reliable results than others for 
lap jointed tubes. 

Calculated 1 ^^ / 1X2 

collapsing J> == ff£!Z^liijJ2- = 799 lbs. per square inch. 

pressure. J 2*1 x 48 

The actual collapsing pressure is, however, limited by the resistance 
of the material to crushing. At the highest pressure applied the 
crushing strain per square inch in the material was 

325 X 48 ,^^^„ . , 

— - — :; — = 15,600 lbs. per square mch. 
2xi 

Referring now to the fracture of the external shell, it has been 
suggested by some engineers that the strength of a boiler or simi- 
lar structure, instead of being calculated upon the ba^is of the lines 
of weakness at riveted joints, &c., should be calculated with 
reference to the mean strength of the plate across the whole length 
of the boiler. The incorrectness of this system of calculation was 
fuUy shown by the results of the experiments carried out with the 
old boilers of the S.S. "Asturias," and "Ban Righ." The 
experiment on this superheater affords corroborative proof of the 
same. Rupture of the shell occurred at 325 lbs. per square inch, 
but by taking the mean section the calculated strength would appear 
to be about 558 lbs. per square inch, or 71 per cent, too great. 
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It the strength is calculated with the actu^ percenti|ger 
between the rivets, but the injurious effects of punching aai 
lap- jointing are n^lected, and the strength of the plate, as in A0 
above calculation. Is assumed to be that ordinarily allowed by tiba 
Surveyors of Steam Vessels. 

Calculated "] At? nnn v •fi4 v 2 v i 
bursting l.^^7,wux MX^x ^^^^^^^^^^^^.^^^^ 

Pressure. J '^^ 

or 18 per cent, in excess of the actual bursting pressure. 

For the effects of punching, ftc, the Board's rules require thd 
additions to the nominal factor of safety for this superheater 
of the values standing opposite D.I.K. & T. Deducting for these 
we find that the cfdculated bursting pressure is 315 lbs. per 
square inch, differing from the actual burstinff pressure by cinfy 
3 per cent. Small as is this difference, results still nu^re 
accurate were obtained in the case of the boilers of SS« 
'^ Astuiias " and " Ban Righ,** which were burst experimentally i)y 
hydraulic pressure several years since. 

In carrying out the foregoing experiments great anxiety was 
felt to make them as complete as possible. Witk this view en* 
deavours were made to ascertain the permanent elongation of the 
shell circumferentially after certain increments of pressure. Tlie 
increased time during which the boilers and superheaters were 
subject to pressm*e, owing to the repeated application of it after 
being reduced, gave the longitudinid joints of the shells time to 
stretch and open so much, that the leakage was in some cai^ more 
than the pump could overpower. It is to this cause that the 
failure to burst the forward main boiler must be attributed. 

The experience gained during these experiments, as well as 
during the experiment recently carried out with a large Bastrick- 
boiler at Walsall^ show that unless the pumping power at disposal 
is very great indeed, it is better to allow no stoppage to occur 
when hydraulic pressure is being applied to burst a boiler, other<* 
wise time is afforded to the joints to strain and leak considerably. 
The pressure should not of course be applied rapidly, otherwise 
it may erroneously seem that the boiler would be able to with- 
stand a much higher pressure without leakage than is actually the 
case. 

I am, Sir, 

Thomas W. Traill, Esq., Your obedient Servant, 

Engineer Surveyor-in-Chief, Thomas J, RiohardS| 

Board of Trade. Engineer Surveyor. 
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REMARKS AND TABLES RELATING TO LIFE 
SALVAGE FOR THE YEAR ENDED aOrn JUNE 1880. 



The tables and particula|!t3 to be found in this pamphlet are 
made up to the 30th June 1880. 

The lifeboat and the rocket apparatus form the principal means 
adopted for saving life on the coasts of the United Kingdom. 
With few exceptions the lifeboats are the property and under the 
management of the National Lifeboat Institution. The lifeboats 
at Ramsgate and Fair Isle are now the only lifeboats under -the 
superintendence of the Board of Trade. The rocket apparatus, 
on the contrary, are the exclusive property of the Board of 
Trade. 

The following is a short account of the history of the ap- 
paratus : — 

The late Captain G. W. Manby, F.R.S. (born 1765, died 1854), 
was the inventor of the mortar apparatus, and therefore of the 
system of the rocket apparatus. The same idea had, however, 
previously occurred to Sergeant Bell, of th^ Royal Artillery, who, 
as early as 1791, devised a plan for throwing a rope on shore, by 
means of a shell from a rnortar on board the vessel in distress, or 
vice versdy and similar experiments were made by a Frenchman, 
named La Fere. Manby, however, had not heard of these 
inventions, and his own was the first that was used. The idea 
occurred to him in February 1807, when present at a shipwreck, . 
and in February of the next year he saved seven persons from a 
wreck by throwing a line over it, with which a boat was hauled 
off ; and in the year after he saved several crews. The year 
after that (1810^ the invention was brought before Parliament r 
again in 1814, when 45 mortar stations were established; and 
again in 1823, when a grant was made to him of 2,000/., in 
addition to previous grants. 

Though the Government thus took the apparatus under its 
protection, and it was worked by the coast guard, it was not 
until 1855 that the management of it was placed under a 
Government Department. Before this, the Shipwreck Insti- 
tution, the Royal National Institution for Saving Life from 
Shipwreck (now called the Royal National Lifeboat Institution), 
and other local shipwreck societies, assisted and co-operated with 
the Government in establishing and supervising stations, but 
there was no central authority over all. 

In the meantime, however, rockets had been invented and used 
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for cariying the line. In the same year that Manbj had 
conceived the idea of the mortar apparatus (1807)> a rocket had 
been proposed by Mr. Trengrouse, of Helston, in Cornwall, who 
also proposed a kite, and a hand and lead line, as means of 
communication with a vessel in distress. The first and third of 
these proposab have borne fruit in the rocket and heaving-cane, 
now used at every station in the United Kingdom. His rockets 
were, however, too small to be effective ; and it is to Mr. John 
Dennett, of Newport, Isle of Wight, who worked without any 
knowledge of Trengrouse's invention, that we owe the first rocket 
by which life was saved. 

As early as 1826 the Royal Institution for Saving Life from 
Shipwreck supplied four places in the Isle of Wight with 
Dennett's rockets ; and life was first saved by them at Bembridge 
in 1832. In 18^3 there were about 120 stations in the United 
Kingdom supplied with Dennett's rockets. 

In 1836 a Mr, Carte, of Hull, produced a modification of the 
Congreve rocket, which was supplied to about thirty-one stations, 
chiefly in Durham and Yorkshire. This rocket had no special 
advantages, and never came into general use. Both Mr. Dennett 
and Mr. Carte died in 1853. 

In the autunm of 1852 experiments were made with an anchor 
shot and a grapnel shot. 

When the Government took the life-saving apparatus under 
its own entire control in 1855, there was a large number both of 
rocket and mortar stations, at about half of which there were both 
rockets and mortars. The superiority of the rocket apparatus 
was acknowledged, but experimepts were made by Colonel Boxer 
to improve both means of communication. He succeeded in 
improving both ; the first by a new shot of a different shape, and 
containing fuzes, which thi'ew a light over vessels as they passed, 
and the latter by a new rocket, a combination of two rockets in 
one case, one being a continuation of the other, so that the first 
compartment carried the projectile to its full elevation, and the 
second gave an additional impetus; the range thus obtained 
was found to much exceed that of two rockets attached side by 
side to one stick. This rocljet was the same in principle as that 
now used. 

In 1857 the Board of Trade, who had then taken over from the 
Customs the management of the apparatus, issued fresh instruc- 
tions, which adopted almost entirely the proposals made by Com- 
mander (now Rear- Admiral) Ward, R.N., the Inspector of Life- 
boats to the Lifeboat Institution, and published in The Life Boat 
for July 1 853. Commander Ward was also the inventor of the cork 
life jacket used universally by the coast-guard, specimens of which 
were exhibited at the Paris Universal Exhibition of 1855. In the 
same exhibition there was also shown the '* Travelling Life Buoy " 
or " Sling Life Buoy,'^ now used with the apparatus, which was 
in vented, by Commander Kisbee, R.N. 

The apparatus and the method of working it may be thus 
shortly described. A rocket is fired which carries a Hne over a 
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ship, the crew haul on the rocket line, and this brings an endless 
rope (called a whip), rove through a block with a tcS attached to 
it, which they make fast to a mast or some other portion of the 
wreck high above the water. Those on shore then haul oflf to the 
ship a hawser attached to the whip, which is made fast to the mast 
or other portion of the wreck about 1-8 inches above the whip. 
Those on shore then set the hawser up and send oflf to the ship the 
sling life buoy. TVhen the buoy reaches the ship one of the 
shipwrecked persons gets into it, and it is hauled back with its 
occupant. This process is repeated till all, or as many as possible, are 
saved. On low coasts without rocks it is sometimes found better 
not to use the hawser, but the whip and sling life buoy alone. 
When the vessel is close in shore, the heaving cane is used instead 
of a rocket. 

The use of mortars, as a means of obtaining communication 
with a stranded vessel, has been abandoned by the Board of 
Trade in favour of the rockets. 

The Board of Trade issue enamelled plates with instructions to 
crews of vessels. These plates are supplied gratuitously to ship- 
owners and masters for placing on their vessels in a conspicuous 
place. Gear is also supplied to all Royal Naval Reserve drill 
stations and to training ships, and every certificated oflicei? in the 
mercantile marine is required to understand the working of the 
apparatus. 

In January 1876 the Board of Trade, with the consent of the 
Admiralty, appointed Commander Pro wse, R.N., Inspector of Life- 
saving Apparatus on the Coasts of the United Kingdom. They 
have also established a store at Poplar for the apparatus, from 
which all the necessary articles (except combustibles) are now 
issued. 

The following tables show a considerable decrease in the 
number of lives saved by the apparatus during the year 1879-80, 
as compared with the previous year, as will be seen from the 
following statement : — 

In 1879-80, the total number of lives saved by the 

apparatus was - - - 95 

In 1878-79, Do. do. - - 162 

Showing a total decrease of 67 in the number of lives saved. 

The Board of Trade now grant an extra reward of 1/. for each 
life saved by the apparatus, to be divided among the coast- 
guard and volunteers. 

During the year 1879-80 the number^ of life saving apparatus 
stations (ift which cliflT ladder stations are included) was reduced 
from 294 to 289 ; six stations having been abolished, and a new 
station established at Crosshaven. 
The stations abolished were :— 

Burton. 

Cayton. 

Howth. 

Lyme Cobb. 

Sidmouth. 



Wagons and carts on improved models are now supplied for the 
conveyance oi the life saving apparatus, and an improved method 
of stowing the life saving gear has been introduced, which, there 
is reason to hope, will add to the eflBciencj of the service. 

Special rewards for bravery and distinguished services in con- 
nection wi^ the life saving appiy*atus, were given by the Board 
of Trade, as stated in the following list. 

Thomas Gray. 
Board of Trade, 
Marine Departn^ent, 
May 1881. 
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List of Pebsons to whom Rewards were granted by the Board op 
Trade during the Year 1879-80, for bravery and distinguished 
services in connection with the Rocket Lipb Saving Apparatus. 



Name of Person 

and Name of 

Station. 


Nature of Services 
rendered. 


Date of 
Service. 


Description of 
Beward granted. 


1. ThomasBailey, 


Eor his efficient senrice 


7 Sept. 1879. 


1/. in addition to 


Qiief Boatman; 


and praiseworthy ex^ 




the usual allow- 


Bickfaam Sta- 


ample to those working 
under him at the wreck 




ances. 


tion. 








ofthe" Marion" when 








16 lives were saved 








by the rocket appara- 








ratus. 






2. William Tait, 


For brave and valuable 


18 Oct. 1879. 


1/. in addition to 


enrolledVolun- 


service in assisting to 
man the boat " Bugby/' 
of Inverallochy, which 




the usual allow- 


teer; 




ances. 


InYerallochy 






Station. 


put off at great risk, and 








succeeded in rescuing 

of the steam tug << Su< 
perb," wrecked at 
Caimbulg Briggs, when, 
owing to the distance 
of the wreck from the 
shore, the apparatus was 
unable to effect commu- 
nication. 






3. George OaUey, 


For having gallantly and 


16 Feb. J 880. 


Albert Medal of 


Gmmer's mate 


at the imminent risk of 




the second class. 


and Drill Ins- 


his own life swam off to 






tmctor; 


thewreck of the Swedish 






Peterhead. 


schooner " Augusta " 
in a very heavy gale, 
and having been hauled 
on board by the crew, 
instructed them how to 
use the rocket appara- 
tus, by means of which 
all on board were saved. 
Oatley himself was the 
last to leave the wreck 
and arrived on shore 
benumbed with cold, 
and bleeding from con- 








tact with the rocks. 
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list of Persons to whom Rewards were granted, Ac—cont. 


Name of Ftfson 
and Name of 


Nature of Serrices 


Date of 


Description of 


Station. 


rendered. 


Service. 


Beward granted. 


4. Elsie Mary 


In recognition of the 


16 Feb. 1880. 


30/. to be inves- 


McClements, 


gallant conduct of her 
late father, David Mo- 
Clements, who, when 




ted f<H: her bene- 


orphan dangh- 
tei of Dayid Mo- 




fit. 


ClementB,Com- 


the Swedish schooner 




- 


missioned Boat- 


« Eugene " was wrecked 
off £ckham, went with 






man ; Bickham 






Coastguard 


others into the surf to 






Station. 


attempt to rescue the 
sole survivor of her 
crew, but being over- 
whelmed by a heavy 
sea both McClements 




' 










and the shipwrecked 








man were swept away 








and drowned. 






5. Samuel Eeast, 


For courage and devotion 


16 Feb. 18 80. 


]/. in addition to 


Boatman;'Bick- 


in going into the surf at 




the usual allow- 


hamCoastguard 


the risk of his own life to 




ances. 


Station. 


rescue the sole survivor 
of the wreck of the 
"Eugene." 
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LIFE SAVING APPARATUS. 

Table 3. List of Places on the Coasts of the United Kingdom (Geo- 
graphicallj arranged, and stating the Distances by the usual means 
of communication in bad weather), where there are Stations of the 
Rocket Apparatus belonging to the Board of Trade, showing those 
which are in the charge of the Coastguard,! and where a Rocket 
Brigade or Company has been formed, with the Year of For- 
mation, and Strength on the 30th June 1 880 ; with the Number 
of Lives saved by each Apparatus during the year ended on 30th 
June 1880 ; showing also the Stations to which Cliff Ladders or 
Lines and Belts have been supplied, and where Lifeboats are 
stationed ; and Persons, Committees, &c., under whose manage- 
ment each Lifeboat is placed-f 





Distance 


Means of Saving Life. 














Names of 
Divisions and 


inMUes 
from 




Brigade or Company. 


No. Of 










Lives 


Stations. 


preceding 


Description. 




Year 


Strength 
on 80th 
' June 
^ 1880. 


saved by 
Rocket 




Station. 




Description. 


ofPor- 
mation. 


Appa- 
ratus. 


Orkney & Shetland: 














lierwick - 


— . 


Belts and Lines 


— 


— . 


... 


.^ 


S<air Isle - 


60 


Surf Lifeboat and 
Cliff Ladders. 


Company 


1878 


40 


— 


Stromness* 


70 


Rocket Apparatus 
Lifeboat 


Do. 


1868 


24 


— 


Longhope 


15 


Do. 


— 


— 


— . 


.. 


Wick: 










^ 






# 


Rocket App«ratus 


Company 


1866 


23 


— 


Scarfskerry* 


14 


Rocket Apparatus 


Company 


18^ 


^ 


_« 


lTllTI«i • 


6 


Lifeboat 


— 


— 


'— .- 


— . 


Wick (Ackergill)- 


14 


Do. 


.. 


— 


_ 


_ 


Wick . - - 


6 


Rocket Apparatus 
Lifeboat 


Company 


1877 


20 


— 


Inverness: 














Nairn - 


.*. 


Do. 


.. 


.. 


„_ 


..„ 


Burghead - 


— . 


Rocket Apparatus 


Company 


1867 


26 







10 


Do. 


Do. 


1864 


25 


_ 






Lifeboat 








,^. 


Spe^outh 


9 

7 


Rocket Apparatus 
Do. 


Company 
Do. 


1877 
1866 


SO 
23 


— 






Lifeboat 


~- 






_ 


€uUen« - - 


7 


Rocket Apparatus 


Company 


1867 


26 


,.« 


Portfloy 


6 


Do. 


Do. 


1866 


26 


_ 


Banff 


8 


Do. 


Do. 


1866 


26 


_„ 






Lifeboat 








_„ 


Praserburgh: 


9 


Belts and Lines 


_ 


_ 






Pennant 


4 


Do. do. 


— 


.. 


_ 


_ 


Bosehearty • - 


7 


Do. do. 


— 


— 


.. 


,« 


Sandhaven - - 


2 


Do. do. 


— 


— 


_ 


__ 


Fraserburgh 


8 


2 Rocket Apparatus 


Company 


1877 


25 


__ 






Lifeboat 


— 


— . 




__ 


Inveralloeby 
WhitelinkBay - 
Eattray Head - 


5 


Rocket Apparatus 


Company 


1869 


26 


_ , 


1 


Lifeboat 


— 


— 




_ 


6 


Rocket Apparatus 


Company 


1876 


6 


— 


Aberdeen : 














Peterhead 


10 


Do. 


— 


— 


.. 


5 






Lifeboat 


~- 


_ 


._ 




Oruden 


7 


Rocket Apparatus 


Company 


1877 


26 


_ 






Lifeboas 


— 






. — 






t See Note at end of 


Table. 
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Life Satiko Appakatus — continued. 



Nametof 

IMviskma and 

Stations. 



Distance 
inMUes 

flnom 
preoedinff 
Station. 



Means of Saying Life. 



Description. 



Brigade or Company. 



Description. 



Tear 
of For- 
mation. 



Strengtii 

on 8^ 

June 

1880. 



No. of 

saTodbj 
Bocket 

Appa- 
ratus. 



Aberdeen— oon<. 
Collieston 
BelhelWe - - 
Tthan, Mouth of 
Bridge of Don - 
Aberaeen - 
Cove Bay • - 
Muchalls - • 
StonefaaTon 



Montrose : 
Katerline • 
Gourdon 

Johnshaveu 
Montrose • 

Uson 

Anchmuthie 
Arbroath - 

Westhaven - 
Bnddon Ness 
Broughty Ferry 

Bomtisland: 
St. Andrews 

Boarhills • 

Ondl 

Anstruther* 

BUe 
Leren 

WestWemyss 
Dysart 
Burntisland 
North Queens- 
ferry. 
North Berwick 

Seacliff 
Ddhbar 

Thornton Loch 
Biedheugh • 

Berwick: 
Eyemouth • 

Burnmouth 
Berwick 
Spittal 
Holy Island 

Old Law - 
Bamburgh Castle 
North Sunderland 

Beadnel* • 
Newton 
Craster 
Boulmer 



9 
8 
4 
15 
8 
6 
8 
6 



6 
6 

3 
9 

4 
11 

4 

6 
6 

8 



11 

4 
6 

4 

6 

7 
6 
2 
7 
10 



10 

8 
6 

1 

12 

by boat 

6 

4 

3 
3 

4 
4 



Eocket Apparatus 

Do. 

Lifeboat 

Bocket Apparatus 

2 Lifeboats 

Bocket Apparatus 

Do. 

Do. 

Lifeboat 



Belts and Lines 
Bocket Apparatus 

Lifeboat 
Bocket Apparatus 
Do. 
2 Lifeboats 
Bocket Apparatus 
Belts and Lines 
Bocket Apparatus 

Lifeboat 

Bocket Apparatus 

Lifeboat 

Do. 



Bocket Apparatus 

Lifeboat 

Do. 

Bocket Apparatus 

Belts and Lines 

Lifeboat 
Bocket Apparatus 
Belts and Lines 
Do. do. 

Do. do. 

Do. do. 

Do. do. 

Bocket Apparatus 

Lifeboat 

Bocket Apparatus 

Do. 

Lifeboat 

Bocket Apparatus 

Do. 



Bocket Apparatus 

Lifeb^t 

Bocket Apparatus 

Do. 

Lifeboat 

Bocket Apparatus 

Lifeboat 

Do. 

Bocket Apparatus 

Bdts and Lines 

Lifeboat 

Bocket Apparatus 

Do. 

Do. 

Do. 

Lifeboat 



Company 


1875 

1877 


Company 


1870 






Company 


1860 


Do. 


1870 


Do. 


1866 


Company 


1878 


Company 


1806 


Do. 


1866 


Company 


1866 


Company 


1867 


Company 


1867 


Company 


1876 


Company 


1875 


— 


*-" 


Company 


1867 


_ 


- 


Company 


1875 


Company 


1869 


Do. 


1866 


Company 


1877 


Do. 


1878 


Company 


1866 


Company 


1866 


Do. 


1873 


Company 


1872 


Company 


1876 


— 


— 


Company 


1867 


Do. 


1868 


Do. 


1866 


Do. 


1866 


— 


— 



25 

22 



25 



34 
25 



24 
24 



25 



25 

25 



12 



18 
25 



10 
10 



25 



18 
21 



26 



25 
25 
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Lira Saving Appabatus— con^tnueJ. 



Names of 

Divisions and 

Stations. 



Distance 
in Miles 

ftrom 
preceding 
Station. 



Means of Saving Life. 



Description. 



Description. 



Brigade or Company. 



Tear 
of For- 
mation. 



Strength 

on 30th 

June 

1880. 



No. of 
Lives 
saved by 
Bocket 
Appa- 
ratus, I 



Berwick— con#, 
Ahunouth »' 

AmhiA /North Side 
-^'^^®- 1 South Side 
Hauxley - 

Cresswell 
Newbiggin - 



Sunderland : 
North Blyth 

Blyth Haven 

Seaton Sluice 
Cullercoats - 

Tynemouth 

North Shields 
South Shields 

Marsden 
Whitburn - 

North Pier, Boker 

South Pier, Sunder- 
land. 

Sunderland, South 
Dock Outlet. 

Seaham Harbour - 

Hawthorn Hythe 
' Blackballs - 
Hartlepool, Bast 

Middleton - 
Hartlepool, West 
Stranton 

Seaton Carew 

Middlesbrough 
Coatham - 
Bedcar 
Saltbum 



Scarborough: 
Hammersea 
Staith^s 

Eunswick 

Kettleness • 

Sandsend 

"Upgang 

TOtby (North 

Pier). 
Whitby (South 

Piei^. 
Bobin Hood's Bay 



4 
1 

4 

5 

21 

1 
3 



3 

21 
I 

7 

3 
5 

7 

li 

2 

2 

18 
6 
2 
5 

6 

4 

3 

4 
3 
It 



Bocket Apparatus 

Lifeboat 

Bocket Apparatus 

Do. 

Do. 

Lifeboat 

Do. 

Bocket Apparatus 

Lifeboat 



Bocket Apparatus 

Lifeboat 
Bocket Apparatus 

Lifeboat 

Bocket Apparatus 

Do. 

Lifeboat 

2 Bocket Apparatus 

2 Lifeboats 
Lifeboat 

2 Bocket Apparatus 

3 Lifeboats 
Bocket Apparatus 

Do. 

Lifeboat 

Bocket Apparatus 

Lifeboat 
Bocket Apparatus 
*^ ; 2 Lifeboats 
Bocket Apparatus 

Lifeboiat 
Bocket Apparatus 

Lifeboat 

Bocket Apparatus 

Do. 

Do. •) 

8 Lifeboats > 

Bocket Apparatus J 

Lifeboat 
Bocket Apparatus 

Lifeboat 

Bocket Apparatus 

Lifeboat 

Do. 

Bocket Apparatus 

2 Lifeboats 

Bocket Apparatus 

Lifeboat 



Belts and Lines 
Bocket Apparatus 

Lifeboat 
Belts and Lines 

Lifeboat 

Bocket Apparatus 

Do. 

Lifeboat 

Bocket Apparatus 

2 Lifeboats 
Bocket Apparatus 

Do. 

Lifeboat 



Company 

Company 
Do. 
Do. 



Company 



^Company 



Company 
Brigade 

Brigade 

Brigade 

Company 
Do. 



'Brigade 

Company 

Company 
Do. 

Company 
Company 

Company 



Company 



Company 
Do. 

Company 

Company 

Do. 



1866 

1878 

1866 
1873 



1878 



1876 

1876 
1865 

1864 

1866 
1870 



1877 

1878 

1866 
1866 

1875 
1866 

1867 



1867 



1872 
1873 



1874 
1878 



26 

25 
25 
25 

25 

36 

» 

25 
100 

126 

100 

20 
25 

125 

25 

25 
28 

24 
25 



26 



21 
24 



2i 
25 



1877 18 
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LiFB Satuco Appa&atus — continued. 



Names of 

Divisions and 

Stations. 



Distance 
inHUes 

from 
preceding 
Station 



Means of Saving Lit 



Description. 



Brigade or Company. 



Description. 



Year 
of For- 
mation. 



Strength 

onSOth 

June 

1880. 



No. of 
Liyes 
saved by 
Socket 
Appa- 
ratus. 



Scarborough— «(m^. 
Peak 

Bumiston 
Scarboroogh 

Filey 

Flamborough 

(North) 
. (South) 
Bridlington 

Ulrome 
Hornsea 

Oowden 
Aldboro' 

Hull: 
Sandlemere 
Withemsea 
Holmpton • 
Easington 
Spurn Point - 
Ferriby Sluice 
Barton 
Killingholme 
Cleethorpes 



Mabl^horpe : 
Horse-shoe Point - 
Donna Nook 

Saltfleet 
Oliver's Gap 

St. Peter's 
Theddlethorpe 
Mablethorpe 
Sutton 

Huttoft • 
ChiHpel 

Ingoldmells 
Skegness 

GUwraltar Point - 

Wells: 
Hunstanton 

Biancaster - 

Bumham 
Wells 

Eastern Marsh 
Morston 
Blakeney Beach • 

Cley - 

Weybourne - 
Sherringham 



13 
2 
2 
2 

8 
6 

4 
8 



6 

2i 
4 
6 
6 

4 

16 
10 



28 across 
the Wash. 
8 

4 
5 

8 
4 

3 

2 
6 
3 



Cliff Ladders 

Bocket Apparatus 

Do. 

Lifeboat 

Bocket Apparatus 

Lifeboat 

Bocket Apparatus 

Lifeboat 

Do. 

Bocket Apparatus 

3 Lifeboats 

Bocket Apparatus 

Do. 

Lifeboat 

Bocket Apparatus 

Do. 



Do. 

Lifeboat 

Bocket Apparatus 

Do. 

* Lifeboat 

Belts and Lines 

Do. do. 

Do. do. 

Do. do. 

Lifeboat 



Belts and Lines 
Bocket Apparatus 

Lifeboat 
Bocket Apparatus 
Belts and Lines 

Lifeboat 
Belts and Lines 

Lifeboat 

Belts and Lines 

Bocket Apparatus 

' Lifeboat 
Bocket Apparatus 
Belts and Lines 

Lifeboat 

Belts and Lines 

Do. do. 

Lifeboat 

Belts and Lines 



Do. do. 

Lifeboat 

Belts and Lines 

Lifeboat 

Belts and Lines 

Do. do. 

Lifeboat 

Belts and Lines 

Do. do. 

Do. do. 

Lifeboat 

Bocket Apparatus 

Do. 

Do. 

Lifeboat 



Company 
Do. 

Company 

Company 

Company 
Company 

Company 
Do. 



Company 
Do. 



1867 
1867 

1866 

1871 

1870 

1865 

1866 

1867 
1867 



1868 
1866 



Company 
Company 



Company 
Company 



1877 
1867 



1876 

1878 



Company 
Do*. 



1876 
1864 
1866 



20 
20 



25 
15 



14 
16 



16 
16 



11 



19 
16 



26 
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Lint Satiko . Apfaxatvb — eoHtiuuetl, 





. 




Means of Saving Life. 








Distance 
in Miles 
















Brigade or Company. 


No. of 


DiTisions and 
Stations. 


from 
precedmg 










Lives 
saved by 
Bocket 


Description. 




Year 


Strength 




Station. 




Description. 


of For- 


on 80th 
June 
1880. 


Appa- 










mation. 


ratus. 
















Cromer - • - 


4i 


Boeket Apparatus 


Company 


1866 


26 


— 


Great Tarmouth : 










- 




Mundesley . - 




Rocket Apparatus 
Do. 


Company 


1867 
1870 


10 
12 


— 






Lifeboat 


... 






.. 


Bacton 




Boeket Apparatus 
• Lifeboat 


Company 


1866 


16- 


5 


Happisburgh - 




Bocket Apparatus 


Company 


1867 


21 


^__ 






Lifeboat 


— 


_ 


_ 


._ 


Palling 




Bocket Apparatus 
• 2 Lifeboats 


Company 


1867 


24 


— 


Thwart Lights - 




Bocket Apparatus 


— 


— 


.. 


.. 


Winterton - 


2 


Do. 


Company 


1866 


19 


... 






* 2 Lifeboats 








_ 


California - - 


'. 3 


Lifeboat 


__ 


__ 


.. - 


__ 


Caifltor - • - 


2 


Bocket Apparatus 
^8 Lifeboats 


Company 


1866 


14 


— 


Great Yarmouth - 


3 


Bocket Apparatus 
2 Lifeboats 


— 


— 


— 


— 


Gkvleston 


8 


Bocket Apparatus 
2 Lifeboats 


Company 


1876 


18 


— 


Corton 


.5 


Bocket Apparatus 
Lifeb^t 


Company 


1875 


12 


— 


Lowestoft . - 


.« 


Bo<^et Apparatus 
« 2 Lifeboats 


— 


— 


■ — 


— 


Pakefield - - - 


fi 


«2 Do. 


_ 


__ 


_, 


^^ 


Kessingland • - 


6 


Bocket Apparatus 
2 Lifeboats 


— 


— 


— 


— 


Covehithe - • 


4 


Bocket Apparatus 


_ 


_ 


__ 


_ 


Southwold • - 


8 


Do. 


Company 


1866 


1» 


_ 






2 Lifeboats 


— 






» 


Aldboro*: 














I>unwich - 


6 


Bocket Apparatus 


Company 


1866 


9 


— 


Misner Haven 


2 


Belts and Lmes 


_ 


_ 


._, 




Sizewell Gap . 


•8 


Bocket Apparatus 


_ 


_ 


«. 


_ 


Thorpeness - 


2 


Do. 


m— 


»_ 


„» , 


_ 






Lifeboat 


_• 


_ 


^ 


_ 


Aldboro* - - 


8 


Bocket Apparatus 


Company 


1872 


24 


_ 






Lifeboat 


JiT^ 






.^ 


Orfordness - 
Orford Haven 


6 

7 


Bocket Apparatus 
' Do. 


Company 


1876 


12 


— 


East Lane • - 


2 


Belts and Lines 


.». 


^_ 


^_ 


^^ 


Woodbridge Haven 


2 


Do. do. 





_ 


^^ 


^_ 


Longuard - 


6 


Do. do. 


"- 


— 


— 


— 


Harwich: 














PinMlll - 


.. 


Belts 


^^ 


_ 


_ 




Harwich - 


6 


Belts and lines 


_ 


^ 


«.». 


__ 






- Lifeboat 


«. 


_ 


_ 


^ 


Walton-on-Naee - 


9 


B^ts and Lines 


__ 


^^ 


_ .. 




Claoton-on-Se» - 


9 


Do. do. 


_ 


„» 


.^ 


^_^ 






' Lifeboat 


_ 


_ 


_^ 




Brightlingsea 


9 


Belts 


»_ 


^ 


__ 


____ 


WestMersea 


10 


Do. 


_ 


_ 


__ 




Stangate - 
BradWell - - 


18 
6 


Do. 
Do. 


— 


— 


— 


- 


Sumham • • 


16 


• Do. 


_ 


., 


__ 




Crouch Biver 


4 


Do. 


— 


— 


— 


— 
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DittMioe 


Heusof SftffngLife. 














Kamasof 
DiTiskms and 


isMUet 

frOBl 




Brigade or Company. 


No. Of 
Liirea 










StetkHU. 


preoeding 






Year 


Str^igth 

on 8^ 

June 

1880. 


saved by 




Stittion. 




Description. 


of For- 
mation. 


Appifc. ' 
ratos. 


Southend: 














Wakering Haven • 


•-• 


Belts 


mm 


— 


mmm 


^» 


ShoeboiTness 
Southend 


6 


Dou 


mm 


«.- 


mmm 


^ 


2 


Do. 


mm 


mm 


.M 


_ 






Lifeboat 


mm 


_ 


.— 


— > 


Leigh 


8 


Belts 


t^ 


mm 


— 


— 


Haven Hole • 


7 


Do. 


mm. 


«. 


.1. 


«■ 


ClifrCreek • 


7 


Do. 


.M 


^ 


.. 


«.. 


Oravesend - 


6 


Belts and LinM 


«M 


mm 


«. 


.-.. 


Tilbury 


1 


Belts 


— 


— 


— 


— 
















Tantlett Graek - 


14 


Do. 


■« 


mm 


... 


«-M 


Colemouth Creek - 


4 


Do. 


•^ 


•M 


— 


-.. 


Queenborongh 


4 


Do. 


.» 


-i- 


.« 


.-• 


Swale. 














Garrison Point - 


fl 


Belts and Lines 


•■■ 


■M 


«. 


_ 


Sorapsgate - 


8 


Belts 


•^ 


«.« 


._ 


.». 


Leysdown 


9 


Belts and Lines 


-M 


«M 


_■ 


^m 


SheUness • - 


8 


Do. do. 


— 


— 


•*• 


— 


Whitstable: 














MUton 


«-. 


Belts 


mm 


mm 


« 


<■• 


East Swale (on 


9 


Do. 


mm 


mm 


... 


«. 


H.M.S. *'Oad- 














mus"). 














Seasalter - 


3 


Do. 


*W 


^m 


«• 


^ 


Seasalter Cliff 


li 


Do. 


Wi 


.. 


... 


... 


Whitstable - - 


1 


Do. 


wm 


_ 


.1. 


.» 


Swale Cliff - 


8 


Do. 


mm 


.1. 


._ 


.1.. 


Heme Bay • - 


8 


Do. 


•M 


-• 


«-. 


mm. 


Bishopstone 


4 


Do. 


^ 


M> 


mm 


mmm 


Beeulvers • 


1 


Belts and Lines 


— 


— 


— - 


— 


Eamsgate: 
SOTicholas 


4 


Do. do. 


_ 


_ 


_^ 




ETO>le Bay - 
Westgate - 


8 

a 


Belts 
Do. 


"^ 


•" 


^^ 


•^ 


Margate ^ - 


a 


Do. 


— • 


•* 


■i^ 


«■• 






3 Lifeboats 


-i* 


«M 


mm 


< mm 


Newgate - 


a 


Belts 


mm 


^ 


... 


mm 


Kingsgate - - 


4 


Belts and Lines 


— 


— 


.. 


... 






Lifeboat 


— 


.. 


.. 


.^ 


Broadstairs 


3 


Belts 


.. 


_ 


_ 


... 






Lifeboat 


.mm 


... 


M 


... 


Ramsgate • 
PegwellBay 


a 


Do. 


mmm 


—. 


... 


.« 


a 


Belts 


-i* 


' 


_ 


... 


North Shore 


3 


Do. 


iMS 


—" 


— 


*" 


Deal: 
Shingle End. - 


a 


Belts and Lines 


^ 




^ 


_ ■ 


No. 2 Battery 


a 


Do. do. 


— • 


^ 


~. 


— 


North End - 


3 


Belts and Lines 


.— 


— 


_ 


«w 






Lifeboat 


— 


.— ^ 


~- 


.« 


"Walmer 


1 


Booket Apparatus 


.M 


«. 


.. 


... 






Lifeboat 


mm 


■i* 


~. 


.. 


Kingsdown - 


a 


Belts and Lines 


mm 


— 


— 


... 






Lifeboat 


.— 


■i. 


... 


«. 


St. Margaret's Bay 


3 


Booket Apparatus 


— 


— 


— 


— 


Folkestone : 














Casemates (Dover) 


41 


Do. 


— • 


— 


— 


— 






Lifeboat 


.-■ 


•» 


.-. 


... 


Townsend • ■ 


a 


Belts and Lines 


mm 


— 


... 


.» 


Lydden Spout 


a 


Do. do. 


— 


— 


— 


— 


Pelter - - - 


3 


Do. do. 


-" 


— 


— 


•• 
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Ldpb Saving Apfabatus — continued* 





Distance 


• Means of Saving Life. 














Names of 


in Miles 




Brigade or Company. 


No. of 


Divisions and 

Stations. 


ftrom 
preceding 










Lives 
saved by 
Rocket 


Description. 




Year 


Strength 




Station. 




Description. 


of For- 


on 80th 
June 
1880. 


Appa- 










mation. 


ratus. 


folkestone—conf. 














Folkestone - 


1 


Bocket Apparatus 
Belts and Lines 


«_ 


.. 


_ 


_ 


Sandgate 


2 


__ 


.. 


_ 


..- 






Lifeboat 





m^ 


— 


.— 


Hythe 


2i 


Belts and Lines 


__ 


.—. 


— 


~- 


Dymclmrch • 
St. Maiy^s - 


6 
2 


Rocket Apparatus 
Beits and Lines 


Company 


1875 


25 


z 


liittlestone - * 


li 


Do. do. 


»_ 


_ 


m^ 


_ 






Lifeboat 


■__ 


__ 


.. 


_ 


Bomney 




Belts and Lines. 


— 


~ 


— 


— 


)un«eness : 














No. 2 Battery = 


2 


Rocket Apparatus 
Belts and Lines 


.. 


— 


.~ 


~- 


No. 1 Battery 


2 


i_ 


— 


— 


— 






Lifeboat. 


» 


~. 


... 


~- 


Grand Bedoubt - 


U 


Rocket Apparatus 


— 


— 


.. 


— 


Dungeness - 


3 


Do. 


_ 


— 


— 


5 


Galloway's - 


2 


Belts and Lines 


» 


_ 


m~. 


— 


I.ydd - - - 


2 


Rocket Apparatus 


— 


— 





26 


July's Gap - 


3 


Do. 


— 


— 


— 


— 


Camber 


3 


Do. 


— 


— 


— 


— 






Lifeboat 


_ 


m^ 


« . 


— 


Hastinra : 
R^e Harbour 
Winchelsea - 














2 


Belts and Lines 


__ 


m^ 


»• 


— 


1 


Lifeboat 


__ 


^m. 


mm. 


— 


31 Tower 


2 


Belts and Lines 


_ 


m^ 


mm. 


_ 


36 Tower 


3 


Do. do. 


_ 


— 


-~ 


.— 


Pett . - - 


3 


Rocket Apparatus 
Belts and Lines 


-_ 


— 


.— 


— 


Haddocks - 


1 


— 


— 


— 


— 


E^e&me* ' 


2 


Do. do. 


— . 


— 


.1.. 


— 


3 


Belts 


— - 


— 


— 


.1.. 


Hastings f 


2 


Belts and Lines 


_ 


— 


w— 


.. 






Lifeboat 


— 


— ~ 


•— 


— 


Priory 


1 


Belts and Lines 


^ _ • 


_ 


mmm 


mm. 


Bo Peep • - 


2 


Rocket Apparatus 


.^ 


~ 


— 


— 


BexbiU - 


3 


Belts and Lines 


— 


— 


— 


•^— 


Kewhurst • 


2 


Do. do. 


— 


-> 


— 


— 


Pevensey - 


2 


Rocket Apparatus 


.— 


..- 


— 


— 


67 Tower • 


2 


— 


.1. 


— 


— 


Langley - 
Bastboume 


2 


Belts and Lines 


_ 


— 


— 


^ 


3 


Rocket Apparatus 


— 


— 


— 


— 






Lifeboat 


— 


— 


.— 


— 


Bwhton : 
HolyweU - 


2 


Belts and Lines 


_ 


^ 


^^ 


.. 


Birhng Gap 
Crow Link 


4 


Rocket Apparatus 
Belts and Lines 


.. 


— . 


— 


— 


1 


•~ 


— 


— 


— 


Cuckmere - 


2 


Do. do. 


... 


^^ 


— 


— » 


Blatchington- 


3 


Rocket Apparatus 


~- 


— 


— 


— 


Newhaven - 


2 


Do. 


— 


— 


— 


— 






Lifeboat 


— 


— 


— 


— 


Saltdean 


5 


Rocket Apparatus 
Belts and Lines 


_ 


»-• 


— 


— 


Greenway - 
Blackrock » - 


1 


~. 


— 


— 


— 


2 


Do. do. 


.. 


— 


.1.. 


— 


Brighton - 


2 


Rocket Apparatus 
Lifeboat 


— 


""• 


, , , 


_ 


Hove - 


2 


Belts and Lines 


m~~ 


—m 


— 


— 


Fishersgate - 


2 


Do. do. 


.. 


*- 


— 


— 


Sboreham * 


8 


Rocket Apparatus 
Lifeboat 


•" 


•^ 


""" 


"^ 


Lancing 


2 


Belts and Lines 


-. 


— 


— 


— 


Worthing • - 


8 


Do. do. 


— 


— 


— 


— 






Lifeboat 


w 


—m 


— 


— 


Goring • 


2 


Belts and Lines 


— 


"• 


— 


— 


Bognor: 
Kingston » 


3 


Do. do. 


— 


— 


— 


... 



Q 5229. 
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tiM Satiso ArrASXTVB—eontiHutd. 







Means Of Saving Life. 




Distance 




' 




1 




Names of 


in Miles 




Brigade or Company. 


No. of 
Lives 


Divisions and 


Arom 










Stations. 


preceding 


Description. 




Tear 


Strength 

on 80th 

June 

1880. 


saved b7 
Rocket 




Station. 




Description. 


of For- 
mation. 


Appa- 
ratus. 


BoKnoT—eotU. 
LittlehamptoR - 


S 


Belts and Lines 










Elmer 


4 


Belts 


— . 


-~ 


-.. 


— 


Bognor - - - 


8 


Belts and Lines 


— 


— 


, — 


— 


Paicham 


8 


Belts 


— 


— 


- — s 


— 


WaUend- • - 


8 


Do. 


— 


— 


— 


.- 


Selsey 


1 


Do. 


^ 


— 


— ; 


_ 






liileboat 


^ 


•>. 


_ 


_ 


Thorney 


2 


Belts 


— 


— 





— 


Cockbush 


4 


Do. 


^ 


— 


— 


— 






Lifeboat 


.. 


.• 


_ 


._ 


Chichester Harbour 


8 


Belts and Lines 


— 


— 


•— 


- 


Southsea : 














Hayling Island - 


S 


Do. do. 
Lifeboat 


"■ 


"~ 


•~ 


— 


Hayling Bridge - 


6 


Belts 


— 


— 


— 


— 


Lanntone Harbour 
Soutiisea Castle • 


8 
2 


Do. 
Do. 


"~" 


^ 


~~ 


~* 


Gosport 


8 ■ 


Do. 


— 


— . 


— 


... 


Clay Hall • - 
Stokes Bay - 
HiUHead • - 


1 


Do. 


— 


— 


— 


_ 


2 


Do. 


.— 


— 


■~ 


.. 


2 


Do. 


— 


— . 


— 


_ 


Hamble Biver 


ff 


Do. 


_ 


— . 


■~ 


_ 


Netley 


8 


Do. 


... 


... 


•.. 


_ 


Woolston • - 


3 


Do. 


— 


— 


— 


— 


Oowest 
















«. 


Socket Apparatus 
Belts and Linos 


—. 


•.. 


^^ 


.^ 


Alum Bay 


2 


— 


— 


— 


_ 


Totland 


2 


Do. do. 


— 


— 


— , 


_ 






Lifeboat 


— 


■~ 


... 


.. 


South Yarmouth • 


4 


Belts and Lines 


— 




— ^ 


.. 


Newtown 


7 


Do. do. 


— 


— 


— , . 


_ 


Sticelett - 


8 


Do. do. 


.~« 


— 


• ... 


_ 


East Cowes - 


2 


Do. do. 


— 


— 


-. 


_ 


f ishboume 


6 


Do. do. 


— 


— 


.— . 


_ 


Byde - - - 


3 


Do. do. 


>— 


—m 


«.. 


_« 






Lifeboat 


^ 


_ 


•.^ 


.. 


Spring Vale 


2 


Belts and Lines 


— 


— 


— " 


— 


Sea View 


1 


Do. do. 


— 





— 


— 


Ventnor : 














Bembridge - 


2 


Do. do. 


— . 


—m 


—m 


-_ 






Lifeboat 


wmr 


— 


— 


_ 


Ventnor 


4 


Rocket Apparatus 








_ 


_ 


B«eth • - 


6 


Do. 


— 


— 


— 


.« 


. St. Catherine's 


2 


Do. 


Company 


1879 


10 


.. 


Point. 














Atherfield - 


4 


Do. 


— 


— 


— » 


^m 


Brightstone 


4 


Lifeboat; 


— 


— 




.. 


jBrook 


4 


Do. 


■"" 


~** 


"^ 


"" 


Lymington : 
Marchwood 




Belts and Lines 






^ _ 


' _ 


Calshot Castle - 


18 


Do. do. 


— 


— 


— s 


_ 


Lepe 


6 


Do. do. 


— 


— 


— 


~m 


Beaulieu River - 


2 


Do. do. 


— 


— 


.- . 


_ 


Pitt's Deep 


4 


Do. do. 


— 


— 


— ^ 


~. 


Lymington 


6 


.Do. do. 


— 


— 


— 


... 


Hurst - ^ ■ - 


^^T 


<Do. do. 


— 


— 


= ■" .. 


.^ 


MUford . 


2 


Do. do. 


— 


— 


.. ■ 


.. 


Barton Cliff 


6 


Rocket Apparatus 
Belts and Lines 


Company 


1869 


11 


... 


Clhristcbnrch 


6 


—* 


" ^ 


~* 


•" 



Digitized by 



Google 



19 



Life Satino ArTJLBJk.TVi— continued. 







Means Of Saving Life. 




Distance 








1 




Names of 


inMUes 




Brigade or Company. 


No. of 

Lives 

saved by 

Rocket 


Divisioq^ and 


from 










Stations. 


preceding 


Description. 




Year 


Strength 

onSOth 

June 

1880. 




Station. 




Description. 


ofPor- 
matioh. 


Appa- 
ratus. 


Swanage: 
Tuckton - 


. 6 


Bocket Apparatus 
Belts and Lines 








_ 


Bournemouth 


. 6 


— 


— 


— 


— 


Sranksea 


6 


Do. do. 


— 


— 


— 


"" 






Lifeboat 


— 


— 


— 


— 


Studland Bay 


3 


Belts and Lines 


— 


— 


— 


— 


Swanage - 


' 4 


Eocket Apparatus 
Lifeboat 


^ 


z 


_ 


_ 


St^Alban'sHead - 


^ 9 


Rocket Apparatus 

Belts and Lines 

Lifeboat 


— 


— 


— 


— 


Chapman's Pool • 


1 


"* 


_ 


*~" 


_ 


Kimmeridge 


'- 6 


Belts and Lines 


— 


— 


— 


— 






Lifeboat 


"^ 


— 


•- 


— 


"Weymouth : 
Weymouth - 


24 


Do. 




_ 


_ 


z 


Portland 


5 


Rocket Apparatus 


_ • 


— 


— 


■- 


Hill - - - 


2 


Do. 


Company 


1S76 


6 


— 


Wyke 


2 


Do. 


— 


~~ 


— 


—^ 


Langton 


6 


Do. 


Company 


1876 


16 


~ 


Lyme : 
Abbotsbury 


5 


Do. 


_ 


— 


_ 


— 


Burton 


6 


Belts and Lines 


— 


— 


' — 


— 


Bridport . * 
Ghidcock 


. 8 
8 


Rocket Apparatus 
Belts and Lines 


_ 


*~ 


•" 


_ 


Gharmouth- - 


4 


Do. do. 


— 


— 


•-— • 


— 


Lyme Cobb - 


3 


Do. do. 

Lifeboat 


_ 


"™ 


""■ 


.. 


Whitlands - 


4 


Belts and Lines 


— 


— 


— 


. — 


Axmouth - 


5 


Do. do. 


— • 


— 


— 


— 


Beer 


2 


Rocket Apparatus 
Belts and Lines 


Company 


1876 


26 


— 


Branscombe 


4 


— 


"" 


*"" 


"~ 


Bxmouth : 














Weston • -•■ 


. 3 


Do. do. 


' — 


— • 


— 


— 


Sidmouth ^ - 


8 


Lifeboat 


— 


— • 


-• 


— 


Ladram 


. 4 


Belts and Lines 


— 


— 


— 


— 


Budleigh Salterton 
Exmouth - 


• 8 

4 


Rocket Apparatus 
Do. 


.. 


^ 


^" 


. 






Lifeboat 


■» 


— 


•— 


^— 


Dawlish 


4 


Belts and Lines 


— 


— • 


-— 


— 


Teignmouth 


8 


Rocket Apparatus 
Lifeboat 


- 


n . 


- 


- 












. 




Babbicombe 


6 


Belts and Lines 


— 


— " 


— 


— 


Torquay 


3 


Do. do. 
Lifeboat 


__ 


_ 


_^^ 


„. 


Paignton - 


4 


Rocket Apparatus 


— 


— 


— 


— 


Brixham - 


6 


Do. 
Lifeboat 


_ 


~" 


_ 


"" 


Mansands - 


4 


Belts and Lines 


— 


— 


— 


— 


Kingswear- • 
Barroiouth 


4 


. Do. do. 
Do. do. 


z 


z : 


^ 


z 






Lifeboat 


— 


— r 


-— 


— 


Blackpool • 


• 4 


Belts and Lines 


— 


— 


— 


— 


Tor Cross » 


' 4 


Do. do. 


— 


— 


-^ 


— 


Hallsands -- 


3 


Do. do. 


"^ 


*■" • 


•-"- 


"^ 


Salcombe : - 
Prawle • ^ 


- 6 


Rocket Apparatus 


Company 


1878 


12 


« 


Riokham - • 


3 


Do. 


— 


, — 


^r 


16 


Salcombe - 


2 


Belts and Lines 


— 


— 


— 


— 






Lifeboat 


— • 


- — 


— 


— 


Hope Cove - 


6 


Belts and Lines 
Lifeboat 


— 


«. 


z 


z 
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LiFB Saviixq AtfamitvB'^ continued. 



Nameiof 

Dirisions and 

Stations. 



Distance 
in Mile* 

trom 
preoedin^ 
Station. 



Means of Saring Life. 



Description. 



Saloombe— <wfi^ 
Challaboro'- 
Motberoombe 



Plymouth : 
Yealm 

Bovisand 
Mount Batten 
Stonchouse - 

Cawsand 
Polhawn • 
Port wrinkle 
Downderry 
Looe 



Foweyr 
Polperro 
Powey 
Polkerris 
Par - 
Oharlestown 
Meragissey • 

GorranHaTen 
Port Looe - 

Gerran's Bay 



Palmoutb : 
St. Mawes • 
Falmouth • 

PorthilUck . 
Porthoustock 
Oove^ack 
Oadgwith 

Lizard 

Mullion 

Gunwfdlos 
Porthleven - 



Penzance r 
Prussia Cove 
Marazion • 
Penzance • 

Mousehole » 
Penberth ■ 
Senneu Cove 

Pendeen Cove 
St. Ives • 



Hayle: 
Hayle 



16 

6 
8 

7 

4 
2 
7 
8 
6 



4 
6 
2i 
2 

4 
7 

8 

7 



8 
4 

7 
6 
4 
7 

8 

6 

n 



7 
4 
8 

8 

7 
6 

7 
18 



Socket Apparatus 
Belts and Lines 



Belts 

Lifeboat 

Belts and Lines 

Bocket Apparatus 

Belts 

Lifeboat 

Belts 

Do. 

Bocket Apparatus 

Belts 

Do. 

Lifeboat 



Belts and Lines 

Do. do. 

Lifeboat 

Belts 

Bocket Apparatus 

Belts and Lines 

Lifeboat 

Belts and Lines 

Belts 

Lifeboat 

Bocket Apparatus 



Belts and Lines 

Bocket Apparatus 

Lifeboat 

Belts and Lines 

Lifeboat 

Bocket Apparatus 

Belts and Lines 

Lifeboat 

Brocket A waratus 

Lifeboat 

Bocket Apparatus 

Lifeboat 

Belts and Lines 

Bocket Apparatus 

Lifeb^ 



Bocket Apparatus 

Do. 

Do. 

Lifeboat 

Bocket Apparatus 

Belts and Lines 

Bocket Apparatus 

Lifeboat 

Bocket Apparatus 

Do. 

Lifeboat 



Do. 



Description. 



Brigade or Company. 



Company 



Company 



Compan y 

Company 
Company 

Company 



Company 



Year 
of For- 
mation. 



18«6 



1877 



1877 

1877 
1877 

1877 



Streogith 

onMlh 

June 

1880. 



No. of 
Lifes 
saved by 
Bocket 
Appa- 
ratus. 



12 



18 



U 

11 
12 

12 



12 
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LiPB Saving Apparatus — continued. 



Names of 

Divisions and 

Stations. 



Distance 
in Miles 

from 

preceding 

Station. 



Means of Saving Life. 



Padstow: 
Gwithian - 
Portreath • 
PortTowan * 
St. Agnes • 
Perran Perth 
Newquay • 

Mawgan Porth 
TrevoseHead 
Cregmeer 
Stepper Point 
Harbour Cove 
St. George's Cove 
Trebetheriok 

Polzeath • 
Port Isaac « 

Boscastle • 
Budebaven « 



nfracombe: 
Clovelly Harbour • 

Clovelly 
Westward Ho I 
Appledore • 
Braunton - 
Croyde 

Morthoe • 

Hfracombe - 

Combe Martin 
Lynmouth » 

Porlock ■ 
Minehead • 
Watchet 

Bumham • 
Westonnauper-Mare 



Swansea: 
Penartli ■ - 

Barry - • 

Portbcawl • 

Mumbles • 

Oxwioh 

■Rhossily 

Burry Port (Pem- 

brey). 
Ferrywde • 

Milford: 
Tenby • 

Castletank • 
Linney Head 



5 

8 
4 
4 
5 
8 

6 
S 
4 
3 
I 
1 
2 
by boat. 

6 

12 
17 



2 

13 

2 

12 

4 



6 
13 



IS 
9 
9 

17 



10 

8 
20 

10 



16 
51 



Description. 



Description. 



Belts and Lines 
Bocket Apparatus 
Belts and Lines 
Bocket Apparatus 
Belts and Lines 
Bocket Apparatus 

Lifeboat 

Bocket Apparatus 

Do. 

Do. 

Do. 

* Lifeboat 

Belts and Lines 

Bocket Appiiratiu 

Belts and Lines 
Bocket Apparatus 

Lifeboat 

Bocket Apparatus 

Do. 

Meboat 



BeckeftApiparalffis 

lAfe^boat 

Bocket Apparatus 

Do. 

2 Lifeboats 

Lifeboat 

Boeket Apparatus 

Lifeboat 
Boeket Apparatus 

Lifebiat 

Bocket Apparatus 

Lifeboat 

Belts 

Bocket Apparatus 

Lifeboat 

Belts and Lines 

Do. do. 

Do. do. 

Lifeboat 

Do. 

Belts and Lines 



Bocket Apparatus 

Lifeboat 

Bocket Apparatus 

Do. 

Lifeboat 

Bocket Apparatus 

Lifeboat 
Bocket Apparatus 

Do. 

Belts and Lines 

Lifeboat 

J)o. 



Bocket Apparatus 

Lifeboat 

Bocket Apparatus 

Cliff Ladders 



Brigade or Company. 



Year 
of For- 
mation. 



Strength 

on 30th 

June 

1880. 



No. of 
Lives 
saved by 
Bocket 
Appa- 
ratus. 



Company 

Company 

Company 

Comjiany 
Do. 
Do. 
Do. 

Gorapaay 

Company 

Company 
Do. 



Company 

Company 
Company 



Company 



1871 

1870 

1866 

1866 
1860 
1866 
1868 

1866 

1865 

1866 
186§ 



1870 

1870 
1865 



1866 



18 

18 

18 

18 
16 
U 
U 

15 

18 



- 



12 
13 



10 



Company 

Company 
Do. 

Company 

Company 
Do. J 



Company 



1874 

1866 
1872 

1876 

1867" 
1877 



1874 
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LiFB Satimo Apparatus— coM<mai«(/. 





Distance 
in Miles 


Means of Saving Life. 


Names of 




Brigade or Company. 


No. of 


Dirisiona and 
Stations. 


fh>m 
preceding 






laws 

saved by 
Bocket 


Description. 




Tear 


on 80th 
June 
1880. 




Station. 




Description. 


of For- 


Apps- 










mation. 


ratus. 


Milford-o(m«. 














Angle - • 


6 


Rocket Apparatus 


Company 


1874 


28 


— 






Lifeboat 


^ 


.. 


^^ 


_ 


St. Ann's Head - 


80 


Cliff Ladders 


.^ 


«_ 


_ 


_ 






Belts and Lines 


_ 


_ 


,^ 


__ 


RnnwayskUn* 


6 


Eocket Apparatus 


Company 


1874 


20 


_ 


Littlehaven - 


8 


Do. 


Do. 


1874 


15 


.. 


Solva 


7 


Lifeboat 








«« 


St. David's . . 
St. Justinian 


4 
2i 


Bocket Apparatus 
Lifeboat 


Company 


1877 


20 


— 


Goodwick 


16 


Bocket Apparatus 
2 Lifeboats 


Company 


1877 


18 


— 


Newport - 
Penrhyn 


9 

8 


Bocket Apparatus 
Do. 


Coiftpany 
Do. 


1874 
1874 


12 
16 


— 






Lifeboat 








_ 


Gobert 


12 


Bocket Apparatus 


Company 


1878 


11 


— 


Xowqwiy 


28 


Do. 


I^oT 


1879 


20 


— 






Lifeboat 








^ 


Aberystwith: 














Abe!-;*witll 


12 


Do. 


._ 


_« 


.^ 


.. 


AberdoTsy • * 


:i2 


Do. 


_ 


~- 


«. 


— 


Barmouth - 


16 


Do, 


— 


— 


— 


— 


Carnarvon: 














Criocieth • 


16 
by water 


Do. 


— 


— 


— 


"~ 


Abersoch 


15 


Do. 


_ 


.~ 


... 


— 


Porthdynllaen* - 


10 


Bocket Apparatus 


Company 


1864 


26' 


— 






Lifeboat 


... 


.. 


_ 


— 


Llanddwyn - 


16 


Do. 


_ 


__ 


_ 


.> 


Carnarvon - 


7 


Belts and Lines 


— 


— 


-". 


•^ 


Liverpool : 
Bhosniger •> 


11 


Bocket Apparatus 


Company 


1875 


u 


_ 






Lifeboat 


_ 


--, — 


-. 


— 


Rhoscollyn • 
Holyhead - - 


6 


Do. 


_ 


_ 


_ 


-> 


11 


Bocket Apparatus 


— 


— ■ 


— 


— 






Lifeboat 


— 


— 


^_ 


— 


Cemlyn 


13 


Do. 


... 


_ 


_ 


— 


Cemaes 


2i 


Bocket Apparatus 


Company 


1873 


26, 


— 






Lifeboat 


.. 


.. 


•^ 


— 


BuU Bay - -* 


4 


Do. 


__ 


_ 




~- 


Amlwch 


2 


Bocket Apparatus 


Company 


1872 


26 


— 


Moelfra * - 


- 9 


Lifeboat 






^- 


.. 


Penmon • 


7 


Do. 


_ 


__ 




.. 


Bangor 


11 


Belts 


_ 


__ 


.. 


— 


Llandudno • 


16 


Lifeboat 


_ 


_ 


_ 


— 


Llandullas - 


7 


Do. 


,« 


»_ 


__ 


~^ 


Bhyl 


7 


Belts and Lines 


.». 


..« 


_^ 


— 






2 Lifeboats 


__ 


.. 


_ 


— 


Point of Ayre 
Helbre Island 


8 


2 do. 


_ 


— 


, 


— 


32 


2 do. 


_ 


— 


-Tr 


— 


Hoylake 


2 


Belts and Lines 


_ 


_ 




.. 






Lifeboat 


.. 


— . 


jF 


— 


New Brighton 


8 


Belts and Lines 


— 


— 


» 






2 Lifeboats 


.^ 


— 


_ 


— 


Liverpool (Landing 

Stage). 
Waierloo 


4 


2 do. 


— 


— 


— 


— 


. 5 


.Belts and Lines 


«« 


' 





— 


Fortiiby 


, . 6 


. . Lifeboat 


— 


.1. 


r- 


— 


South port - 


4 


Do. 


~ 


— 




— 


Lythgm 
Blackpool - 


26 


Do. 


— 


_ 


_ 


.— 


7 


Do. 


__ 


- ^^ 


_. 


— 


Pleetwood ^ 


12 


Belts and Lines 


—^ 


__ 


_ 


— 






Lifeboat 


-^ 


__ 


_« 


.^ 


Piel - - - 


57 


Do. 
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Life Saving Appahatus — continued. 





Distance 
inMUes 

ftrom 

preceding 

Station. 


Means of Saving Life. 


Names of 

Divisions and 

Stations. 


Description. 


Brigade or Company. 


No. Of 
Lives 
saved by 
Rocket 
Appa^ 
ratus. 


Description. 


Year 
of For- 
mation. 


Strength 

on 30th 

June 

1880. 


Liverpool— co»^. 
Seascale • . - 
Whitehaven: 

Workington* 
Maryport 

Silloth 

DumfHes : 
Kirkcudbright - 

Greenock : 
Isle of Whithorn - 
Drumore 
Port Logan . - 

Port Patrick 

Stranraer . - 
Cairn Ryan. - 
Ballantrae -. 

Girvan 

Troon 

Irvine - - - 

Ardrossan • 

Largs ^ - 
Gourock 

Isle of Arran : 
Lamlash 
Kildonan - 

Campbeltown : 
Campbeltown 
Southend 


36 
13 

6 
6 

12 

6 

13 

7 
6 
9 

14 
11 

5 
'6 

9 

12 
13 

10 

10- 


Lifeboat 
Rocket Apparatus 

Lifeboat 

Rocket Apparatus 

Belts and Lines 

Lifeboat 

Do. 

Do. 

Do. 

Rocket Apparatus 

Do. 

Lifeboat 

Rocket Apparatus 

Lifeboat 

Belts and Lines 

Dp. do. 

Do. do. 

Lifeboat 

Do. 

Do. 

Do. 

Do. 

Rocket Apparatus 

Lifeboat 

Belts and Lines 

Do. do. 

Do. do. 

Rocket Apparatus 

Lifeboat 

Do. 
Do. 


Brigade 
Brigade 

Company 
Do. 

Company 

Company 
Company 


1868 
1878 

1869 
1869 

1878 

1869 

1877 


2S 
^. 

28 

18 

20 

20 
20 


5' 

4, 



IRELAND. 



Moville: 










V 




MaUn Head 


24 


Belts and Lines 


— > 


» 


_ 


__ 


Guldaff 


12 


Belts 


— 


— 


_ 





Port Kinnagoe 


10 


Belts and Lines 


— 


— 


i_ 





Greencastle - 


8 


Rocket Apparatus 
Lifeboat 


Company 


1878 


18 


— - 


MovilleDetachment 


3 


Belts and Lines 


— 


— 








Moville Station - 


1 


Do. do. 


— 


— 


— 


— 


Ballycastle (Antrim) : 














Bamunouth - 


— 


Belts and Lines 


— 


— 


~. 


»« 


Port Stewart 


3 


Do. do. 


— 


— 


— 


___ 


Port Rush - 


4 


Do. do. 


— 


— 


— . 


»_ 






Lifeboat 


— 


— 


_ 


, 


Sallintrae . - 


5 


Belts and Lines 


— 


— 


M^ 


.^ 


Ballintoy 


9 


Do. do. 


— 


— 








Ballycastle - - 


6 


Do. do. 


— 


— 


— 





Torr Head - . 


8 


Do. do. 


— 


• — 


— 


-_ 


Cushenden - 


5 


Do. do. 


• — 


^ 


— 


__ 


Cushendall - 


4 


Do. do. 


"" 




/^^ 


T 



Digitized by 



Google 



24 



Life Bxvtso ArrxuxTva-^nHnued. 





Distanc 


Means of Saving Life. 
« ■ 


Names Of 
Divisions and 


inMUe 

fh>m 

pr«c«dlr 

Station 


>R Description. 


Brigade or Company. 


No. of 


SUtions. 


Tear 

Description, of For- 

mation. 


Lires 

Strenffth n^^edbj 

on^h Socket 

June -^^^ 

1880. '^'^ 


Glenarm • 


10 
S 
7 
6 
S 
9 
4 
« 
4 
5 
6 


Belts and Lines 








1 


BallygaUy . . 

Lame 

Ballylig . . 

Brown*8 Bay 

Port Muck^ . . 

HUlsport . . 

Whitehead 

Whitehouse - 


Do. do. 
Do. do. 
Do. do. 
Do. do. 
Do. do. 
Do. do. 
Do. do. 

^ '- 

Do. do. 


- 


•*- 


~ 


^ 


Doiiaghadee: 














te"f^ff ; 


3t 
2 


Do. do. 
_ Do. do. 
Rocket Amratus 

Belbi and Lines 

Do.* do.* 
Do. do. 
Do. do. 
Do. do. 
Lifeboat 


_ 


_ 






Groomsport • 

Bangor 

Clandeboyo - - 
Cultra . 
Clogher 
Burr Point 
Roddens 
Bajlj^alter - . 


3 

3 

4 

3 
3 
2 


- • 


— 


- 


... 


Jiulisle • • 


3 


Belts and Lines 


"Z. 


^ 


"- 


— 


Strangford: 














Tara 

Portaferry • 
Strangford - 

Gunn's Island 


4 
1 
4 
3 


Do. do. 
Do. do. 
Do. do. 
Do. do. 
Do. do. 


- 


- 


-: 


— 


Newcastle: 










~" 


■"" 


Ardglass 
KiUough . . 


6 
4 


Do. do. 

Do. rtn 


— 


_ 


_ 




St. John's Point - 


3 


Do. do 


~~ 


— 


_ 


_^ 


Tyrella 


C 


Belts 


~~ 


— 


—- 


— 


Dundrum 

Newcastle - 


5 
5 


_ Lifeboat 
Belts and Lines 
Do. do. 


— 


- 


^ 


- 


William's Harbour 

Annalong 

Leestone 


4 
S 
5 


^ Lifeboat 
Belts and Lines 
Racket Apparatus 
Belts and Lines 


Company 


1866 


18 


- 


Carlingford : 














Cranfield • - 


7 


Do. tin 










Killoween - 


6 


Do. do. - 
Do. do. — 

Belts ^ 


— 


-« 


_« 


O'Meath - 


7 


— 


-M 


_ 


Carlingford 


5 


— 


— . 


■ — 


' Greenore 
Giles Quay - 


4 

9 


Belts and Lines — 
Do. do. ~ 


— 


"~ 


_„ 


Soldier's Point - 
Annagassan 


6 
10 


^ ^ Lifeboat — 

Bdts and Lines - 

Do. do. — . 


^ 


E 


- 


Dunany Point 


4 


Do. Do*. — 


— 


— 


._ 


Clogher Head 
Drogheda - 


8 

7 


R<wkrt Apparatus Company 

Do, do. 


1879 


25 


z 






2 liifeboats 





~~ 


~" 


— 


3Ialahide : 














Laytown 
Balbriggan ■ 


6* 
6 


Bockst Apparatus 
Do. 


- 


— 


_ 


_^ 




Lifeboat 1 


_^ 


Z 1 "" 1 


•— 
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Life Sating Appabatus— cowiiMwcrf. 



Karnes of 

Divisions and 

Stations. 



Distance 
in Miles 

from 

preceding 

Station. 



Means of Saving Life. 



Description. 



Description. 



Brigade or Company. 



Year 
of For- 
mation. 



Strength 

onSOth 

June 

1880. 



No. of 
Lives 
saved by 
Rocket 
Appa- 
ratus. 



Malahide— con^. 
Skerries 

Loughshinney. 
Rusn . - 
Rogerstown - 
Portrane 
Lambay Island 
Malahide 

Baldoyle • 

Dublin: 
Howth 
Needles 
Sutton 
Clontarf 
Eingsend 

Kingstown - 

Dalkey 
Bray 
Greystones - 

Arklow: 
Five Mile Point 
Wicklow Head 

Jack's Hole - 
Mizen Head 
Arklow 

Kilmicbael - 
Ballymoney - 
Courtown - 

Cahore 

Wexford: 
Morris Castle 
Curracloe 
"Wexford (Biosslare 

Fort). 
Wexford* (Bosslare 
Boarding Station). 
Camsore 

IQlmore 
Bar of Lough 

Waterford: 
Fethard 
Duncannon - 
Arthurstown 
Dunmore • 
Ballymacaw • 
Tramore - 

Bonmahon - 

Youghal : 
Ballynacourty 

Helvick Head 



3 by sea 

5 

ftnom 

Portrane. 

4i 



3 

i 

5 



7 

12 

5 

7 

8 

14 
6 



10 



12 
13 



Socket Apparatus 

Lifeboat;, 

Belts and Lines 

Belts 

Lifeboat 

Rocket Apparatus 

Belts and Lines 

Do. do. 



Do. 



do. 



Lifeboat 

Belts and Lines 

Do. do. 

Do. do. 

Do. do. 

Lifeboat 

Rocket Apparatus 

Lifeboat 

Belts and Lines 

Rocket Apparatus 

Do. 

Lifeboat 

Rocket Apparatus 
Do. 
Lifeboat 
Rocket Apparatus 
Belts and Lines 
Rocket Apparatus 

Lifeboat 

Rocket Apparatus 

Belts and Lines 

Rocket Apparatus 

Lifeboat 

Rocket Apparatus 

Lifeboat 

Rocket Apparatus 

Do. 

Do. 

2 Lifeboats 

Rocket Apparatus 

Do. 

Lifeboat 
Rocket Apparatus 



1 Do. 

Lifeboat 

Belts and Lines 

Rocket Apparatus 

Do. 

Do. 

Lifeboat 

Rocket Apparatus 



Belts 

Lifeboat 

Belts and Lines 



Company 
Do. 



Company 
Company 
Company 

Company 
Company 



Company 



1866 
1861 



1865 
1878 
1865 

1865 
1866 



1872 

1872 



24 
25 

11 
12 
10 

13 

20 



7 
15 



12 



Company 

Company 
Company 



1857 



1874 
1868 



1860 



20 



22 
20 



Digiti 
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LlFB Savuco Appabatot — eontinued. 





Distance 

in Miles 

tram 




Means of Saving Life. 






Names of 
Divisioni and 




Brigade or Company. 


No, of 
Livei 










Stationi. 


preceding 


Description. 




Tear 


Strength 

onSOtii 

June 

1880. 


saved taf 
Rocket 




Station. 




Description, of Por- 


Appa- 










mation. 


ratus. 


Yoaghal— con*. 
ArcUnore 














U 


Rocket Apparatus 


Company 


1874 


22 


— 






Lifeboat 


.. 


m^ 


— 


— 


Toughal 


9 


Rocket Apparatus 


-. 


«. 


— 


— . 






Lifeboat 


.. 


_ 


>— 


— . 


Kaockadoon 


U 


Belts and Lines 


— 


— 


— 


— 


Qoesnstown : 
Balljrcotton - 


7 


Rocket Apparatus 


Company 


1879 


18 


^ 






Lifeboat 


— 


— 


— . 


— 


Ballycrooneen 


7 


Rocket Apparatus 


— . 


— 


~. 


— 


PoorHead - 


4 


Do. 


.« 


— . 


— . 


— ~ 


Roche's Point 


4 


Belts and Lines 


.. 


_ 


«_* 


^ 


East Perry - 


10 


Belts 


_ 


— 


— _ 


— 


Crosshaven - 


17 


Rocket Apparatus 
Belts and Lines 


•~ 


— - 


— 


-•m. 


Myrtleville . - - 


4 


— 


— 


— 


— 


Queenstown 


4 


Lifeboat 


— 


— 


— , 


— 


Kinsale: 










•* 




Robert's Cove 


8 


Rocket Apparatus 


Company 


1866 


ft 


<^ 


Oyster Haven 
OldHead - 


10 


Do. 


1866 


M 


— 


18 


Do. 


Do. 


1866 


-i. 


C:k>urtmacsherry - 


18 


Do. 


Do. 


1868 


19^ 


— > 






Lifeboat 


— 


— 




— 


Barry's CJove 
Dirk Gove -. . • 


6 

19 


Rocket Apparatus 
Do. 


Comnany 


1866 
1866 


20 ' 
21 


= 


Skibbereen: 














Gastlefreke* - 


S 


Do. 


Company 


1867 


26 


— 


Boss 


5 


Belts 


— 


— 


— . 


— 


Mill Cove • - 


8 


Rocket Apparatus 
Belts and Lines 


Company 


1867 


26 


— 


• Union Hall - 


6 


— 


— 


— 


— 




S 


Rocket Apparatus 


Company 


1877 


12 


— 


Barlogue v 
Baltimore -, . - 
Schull - - - 


7 
6 
24 


Belts 
Rocket Apparatus 
Belts and Lines 


Company 


1866 


IS 


— 


Crookhaven - 


12 


Rocket Apparatus 


Company 


1866 


12 


— 


Castletown : 










' 




Lawrence's Cove - 


— » 


Belts and Lines 


— 


— 


— 


— 


iJastletown - 


6 


Do. do. 


— 


— ■ 


— 


— 


Ballycrovane • 


8 


Do. do. 


• — 


— 


— 


— 


Ballydonegan 


16 


• Do. do. 


*~" 


"~" 


""' 


~~ 


Killaruey: 














Lackeen Point 


— 


Do. do. 


— 


— 


— 


— 


Waterville - - 


32 


Do. do. 


— 


— 


— 


— 


Ballinskelligs 


11 


Do. do. 


— 


— 


— 


..^ 


Port Magee - 


11 


Do. do. 


— 


— 


— 


*— 


Knightstown (Va- 


6 


Rocket Apparatus 


— 


— 


— 


— 


lentia). 




Lifeboat 


^ 


— 


-^ 


— 


Cahirciveen - 


4 


Belts and Lines 


— 


— 


— 


— 


Kells 


10 


Do. do. 


— 


— 


— 


— [ 


Cromane Point - 


18 


Do. do. 


— 


— 


— 


— ' 


Minnard 


14 


Do. do. 


— 


— 


— 


— 


Dingle 
Ventry - 
Ballydavid - 


10 


Rocket Apparatus 


— 


— 


— 


*~ 


7 


Belts and Lines 


— 


— 


-^ 


— 


10 


Do. do. 


— 


"~ 


-- 




Ballyheigae : 
Barrow - - • 


62 


Lifeboat 


_ 


_ 


^_ 


_ 






Belts and Lines 


— 


— 


— 


— . 


Ballyheigue 
Cashen - 
Tarbert . - 


16 
16 
15 


Rocket Appajnitus 

Belts and Lines 

Do. do. 


Company 

"" Di 


1876 

3itizedT)y V^ 


12 

\oog\i 
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Life Saving Apparatub — continued. 









Means of Saving Life. 






Distance 
inMUes 










Names of 




Brigade or Company. 


No. of 
Lives 
saved by 
Bocket 
Appa- 
ratus. 


Divisions and 


from 








Stations. 


preceding 
Station. 


Description. 


Description. 


Year 
of Pot- 
mation. 


strength 

on 80th 

June 

1880. 


Seafield: 














K^lcredane ' - " 


— 


Belts and Lines 


__ 


_ 


^^ 


_____ 


9 


Do. do. 


__ 


_ 


_ 


, 


Kilkee 


8 


Do. do. 


__ 


_ 


, 




Seafield - 


16 


Do. do. 


__ 


__ 


__ 


~ 


Liscanor - ' 


U 


Do. do. 


.^ 


• ... 


^_ 




Gal^ay: 
North Arran 














_ 


Do. do. 




, 


.u 




South Arran - 


6 


Do. do. 




__ 






Ballyvaughan 


20 


Do. do. 





«« 


__ 


Z. 


Bama 


80 


Do. do. 


__ 


«. 


_ 


__ 


Spiddal - - - 


8 


Do. do. 


__^ 


_ 


__ 




Costello Bay 


10 


Do. do. 





.— 


&- 


_ 


Clifden : 














Koundstone - 





Do. do. 




__ 


_2. 




Bunowen 


14 


Do. do. 


__ 


»_ 


^_ 


~ 


Bayleek - 


12 


Do. do. 


__ 


'— 


^^ 




B^ffiiU * . '- 


10 
6 


Do. do. 
Do. do. 


~ 


— 


— 


• — . 


Tully 


6 


Do. do. 


__ 


r— 


^_ 




Rosmoney - - 

Keel: 
AchiUBeg- 


80 


Do. do. 


— 


— 


— 


- 


_^ 


Do. do. 




^_ 






Keel - -- - 


16 


*Do. do. 


__ 


_ 


_ 




Doogort 


6 


Do. do. 


__ 


«_ 


__ 




Bullsmouth '- 


10 


- * Belts 


«_ 


' '^— 


.J 


_^ 


Belmullet: 














Blacksod - 


»_ 


Belts and Lines 


__ 


«» 


^_ 




laJygSis ' -' - 


7 
.14 


Do. do, 
.Do. do. 


— 


z ■ 


— 


— 


Glaggan Island 
Doohooma 


11 


Do. do. 


_ 


~ 


_. 


___ 


9 


Do. do. 


» 


— 


— . 


_ 


Ballycastle(Ei]lala) : 














— 


Do. do. 


_ 


— 


..• 


_ 


Kilcummin 


9 


Do. do. 


__ 


mmm 


«_ 


_ 


Boss . • • 


9 


Do. do. 


— 


— 


» 





Pullendiva : 














Inniscrone - 


— 


Do. do. 


-.. 


— 


.1.. 




Pullochehey - 


6 


Do. do. 


.. 


.. 


__ 




Pullendiva - 


10 


Do. do. 


— 


~ 


_ 


, 


Derkmore 


10 


Do. do. 


— 


— 


— 


- 


Slijco: 
Rosses Point 


— 


Do. do. 


* ^^ 


^_ 


_ 




Kackly - • - 


15 


Do. do. 


— 


— 


»« 


„ 


MuUaghmore 
Ballyshannon 


16 


Do. do. 


— ~ 


— 


_- 


__ 


14 


Do. do. 


— 


— 


— 


— 


Killybegs: 














Dooran 


14 


Do. do. 


— 


,— 


«. 


.^ 


Tribane 


14 


Do. do. 


— 


— 


_ 


__ 


Killybegs - 
TeeSn - - - 


6 
16 


Socket Apparatus 
Belts and Lmes 


Company 


1877 


12 


— ■ 


MaUnmore - 


10 


Do. do. 


— 


—. 


_ 


■ 


Lochrus 


16 


Do. do. 


_ 


_ 


__ 


__ 


Portnoo 


13 


Brocket Apparatus 


Company 


1861 


22 


— 


Dunfanaghy : 














Inishbofin - 


— 


Belts and Lines 


— 


— 


_ 


__ 


Sheephaven 


12 


Do. do. 


— 


». 








Muhroy 


14 


Do. do. 


— 


— 


~- 


_ 


Knockallow 


13 


Do. do. 


— 


mm. 


_ 


__ 


Buncrana - - 


4 


Belts 


— 


— . 


— 


_ 


Bathmullen - 


3 


Do. 


*~ 


"~ 


_r^ 


ncs]c> 














Liyiv^ 
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LiTB SATTsro AtTAMxrvu— continued. 







Means of Saving Life. 


Names Of 


Distance 
in Miles 

from 

preceding 

Station. 




Brigade or Company. 


No-oC 
Liva 
saved by 
Bocket 
Appa- 
ratas. 


DivisioDS and 
Stations. 


Dewiiption. ofPor- 
matlon. 


Strength 

on90Qi 

June 

1880. 



ISLANDS. 



Sciilv: 














St.Mary's • • 


— 


Bocket Apparatus 
Lifeboat 


Company 


1875 


18 


^ 


Tresco 


8 


Bocket Apparatus 


Company 


1875 


U 


"" 


Liverpool: 














Isle of Man:— 














Peel* . 


mm 


Do. 


Company 


18«7 


2S 


— ■ 


Bamsey* • 


17 


Do. 


Do. 


1868 


81 


^ 






Lifeboat 


.^ 


■^^ 


— • 


— 


Donglas* • 


17 


Bocket Apparatus 
2 Lifeboats 


Company 


im 


28 


.^ 


Castietown* - 


10 


Bocket Apparatus 


Company 


1868 


la 


— 






Lifeboat 


— 


— 


— • 


-* 


'^^feelier's • • 












• 


^ 


Do. 


•-• 


— 


— • 




St.Peter»s» • - 


*• 


Bocket Apparatus 


— 


— 


"" 


•^ 


Guernsey: 














LancresseBay • 


— • 


Belts 


— 


— 


— 


— 






Lifeboat 


mm 


— 


^ 


•ra 


Aldemey: 














Braye • 


*" 


Do. 


•• 


^*" 


•* 


•" 


SheemesB ! 














He^land:— 
Sui^Island T 


-; 


Bocket Apparatus 
Do. 


- 


- 


- 





tN.B.^With the exception of the stations marked thus *, at which no coastguard is stationed, the 
rocket apparatus is in all cases under the charge of the coastguard ; and all the lifeboats men- 
tioned in this table are the property and under the management of the National LifeboAt Institn* 
tion, with the following exceptions :— 

Fair Isle under the management of the Board of Trade. 



Wick 

Aberdeen (2 boats) 

Boarhills 

N. Shields 

S. Shields (8 boats) 

Bedcar (1 boat) 

Bobin Hood's Bay 

Bridlington (2 boats) 

Spurn Point 

Corton 

Califoniia 

Gorleston (1 boat) 

Margate (1 boat) 

Bamsgate 

Totland 

Byde 

Croyde 

Point of Ayre ( 2 boats) 

Helbre Island (2 boats) 

Hoylake 

Liverpool (2 boats) 

Pormby 

St. Heher*s 



Harbour Trust Committee, 
Harbour Commissioners. 
Private Persons. 
Harbour Commissioners. 

Local Committee. 
Local Shipowners. 
Private Persons. 
Hull Trinity House. 
Private Persons. 

Local Boatmen. 

Borough of Margate. 

Local Boatmen. 

Board of Trade. 

Private Persons. 

Town Corporation. 

Private Persons. 

Mersey Dock and Harbour Board. 



Local Authorities. 
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